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ABSTRACT

A study was conducted to determine if the two sockeye salmon (oncorhynchus
nerka) stocks of the Chignik Lakes in Alaska could be identified by analysis
of their scale patterns. Circuli counts and linear measurements in the
lacustrine zone of scales and linear discriminant functions were used to
estimate the proportion of each stock present in samples of mixed stock compo-
sition. A procedure for estimating the total catch and escapement of each
stock, and the age composition of each component, from age-specific stock
composition estimates was developed and applied to the 1978-1982 Chignik
sockeye salmon runs. The advantages of this procedure over the current method
of separating the Chignik sockeye salmon stocks with an average time-of-entry
curve are: (1)testimates are year-specific; (2) it separates the run by nur-
sery lake stock; and (3) it recognizes differences in the age composition of
each stock. However, specialized equipment and more effort are required for
the new procedure.

An in-season procedure for estimating the stock composition of the Chignik
sockeye salmon run with linear discriminant function analysis of scale patterns
was developed, also. For the in-season analysis, the age 2.2 Chignik Lake
standard from the year preceding the year of analysis was used to represent

the age 2.3 Chignik Lake standard. The cumulative Black Lake and Chignik Lake
escapement estimates for the 1979, 1981, and 1982 in-season analyses were very
similar to the post-season estimates. In 1980, there was a difference of
approximately 150,000 fish between the two estimates. Further evaluation of
the in-season procedure is required.

KEY WORDS: Sockeye salmon, Oncorhynchus nerka, scale pattern analysis, salmon
stock identification, Chignik sockeye run.



INTRODUCTION

The identification of stocks! of Pacific salmon (genus oncorhynchus) by analysis
of scale patterns has become a common procedure for estimating the proportion of
different stocks present in areas of intermingling. Previous scale pattern
studies have identified Pacific salmon stocks separated by long distances. Anas
and Murai (1969) used scale patterns to determine the continent of origin of
sockeye salmon caught in the North Pacific Ocean and Bering Sea. Major et al.
(1975; 1977a; 1977b) performed a similar analysis of chinook salmon caught 1in

the Bering Sea and the North Pacific Ocean. Other studies have shown that salmon
stocks encompassing broad regional areas can be distinguished by scale growth
patterns. The contribution of the Kamchatka Peninsula, Bristol Bay, Gulf of
Alaska, and Southeastern Alaska stocks to the fishery in the North Pacific Ocean
has been estimated for sockeye salmon (Marshall et al. 1978; Knudsen and Harris
1982) and coho saimon (Myers et al. 1981) by scale pattern recognition techniques.

Scale patterns have been used to separate salmon stocks within a region, also.
Cook and Lord (1978) identified the river of origin of sockeye salmon from three
systems in Bristol Bay. The Alaska Department of Fish and Game (ADF&G) has appor-
tioned the annual sockeye salmon catches in Cook Inlet to the four major contri-
buting river systems by scale pattern analyses since 1977 (Bethe and Krasnowski
1979; Bethe et al. 1980; Cross et al. 1981; 1982; 1983). Other studies by ADF&G
have identified the river of origin of sockeye salmon in the Lynn Canal fishery
(Marshall et al. 1982) and chum salmon in the Excursion Inlet fishery (McGregor
and Marshall 1982).

Most analyses of Pacific salmon by scale patterns have separated fish from differ-
ent regions or river systems. There have been few studies which separated salmon
originating within a single river or lake system. In systems where there are
discrete stocks contributing to the total run, efficient management requires that
these stocks be identified in the catch and escapement. One analysis of this

type was by Henry (1961) for the Fraser River sockeye salmon run in British
Columbia. He identified the stocks of sockeye salmon in the Fraser River using
scale patterns formed during the freshwater residence of the fish. The results
were then used to regulate the fishery to ensure that the escapement goal for

each stock was met.

Another system for which the identification of the stocks contributing to the run
has been demonstrated important to management is the Chignik lakes in Alaska.

The Chignik lakes watershed is located 274 km west of Kodiak Island on the south
side of the Alaska Peninsula (Figure 1). The sockeye salmon run to this system
is the largest in Alaska outside of Bristol Bay (average return of 2.03 million
fish during 1973-1982). Effective management of the Chignik sockeye salmon run
requires that the two major stocks contributing to the run be identified in the

Stock refers to all fish originating from the same geographic area. Therefore,
a stock can include all salmon from a large geographic area, for example, the
Kamchatka Peninsula stock, or to fish originating from a more localized area,
such as the ITiamna Lake stock.
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Figure 1. Map of the Alaska Peninsula showing the Chignik Management area,
with an inset of western Alaska.



catch and escapement because each stock has a different spawner-recruit rela-
tionship and there are different optimum escapement goals for each stock.

The study objective was to evaluate the application of scale pattern analysis
methods to the management problems peculiar to the Chignik system. Marshall et
al. (1980) were able to separate one age class in 1978 sockeye salmon return to
Chignik by spawning run using freshwater scale patterns. Can a similar analysis
be applied to other age classes in the run allowing the two stocks to be accur-
ately identified by scale pattern analyses on an annual basis? If so, does the
scale pattern method provide sufficient advantages over the current method of
separating the stocks to warrant replacing it? A background for this report is
provided in the following sections by a brief description of the watershed and

a literature review of previous sockeye salmon research at Chignik.

Description of the Chignik Lakes Watershed

The Chignik lakes watershed forms a natural northwest-southeast pass through the
Aleutian Mountain Range on the Alaska Peninsula. The watershed covers 1,520 km?
and consists of two Takes and their tributaries, an upper river connecting the
two Takes, and a lower river emptying into a saltwater lagoon (Figure 2). Physi-
cal characteristics of the two lakes are summarized in Table 1.

Black Lake and Chignik Lake are physically dissimilar. Black Lake is shallow,
warms rapidly in the spring, and is usually turbid throughout the summer. Major
sockeye salmon spawning areas are in the Alec River and Fan Creek tributaries to
the lake. Chignik Lake, because of its smaller surface area but much greater
volume, does not experience the rapid temperature changes of Black Lake. It
warms more slowly in the spring and becomes ice-free between two and four weeks
later than Black Lake. Three tributaries to Chignik Lake are important sockeye
salmon spawning grounds: Clark River, Home Creek, and Cucumber Creek. In addi-
tion, extensive beach spawning occurs at Hatchery Beach. A more detailed des-
cription of the Chignik lakes is provided by Narver (1966).

The two lakes are connected by Black River (12 km long), which has important
spawning areas in the West Fork and Chiaktuak Creek tributaries. Chignik Lake

is drained by Chignik River which empties into a nearly enclosed estuary, Chignik
Lagoon. The lagoon covers about 42 km? at high tide, but at low tide half this
area is exposed as mudflats (Dahlberg 1968).

Black and Chignik Lakes are two of the most biologically productive lakes in
Alaska. They were found to have the highest photosynthetic activity and the
greatest standing crop of phytoplankton of 23 sockeye salmon nursery lakes in
southwestern Alaska (Burgner et al. 1969). When compared to nine other major
sockeye salmon producing systems in southwestern Alaska, the Chignik system
ranked second in number in spawners per unit surface area, first in chlorophyll a
per unit volume, second in total dissolved solids, and the system had the highest
concentration of a number of trace elements (Burgner, et al. 1969).

Review of Sockeye Salmon Research at Chignik

Investigation of the Chignik sockeye salmon run began in 1922 when a weir was
constructed on the Chignik River to enumerate the escapement. The weir was
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Map of Chignik watershed.




Table 1. Summary of the physical characteristics of Black Lake and Chignik

Lake (after Dahlberg 1968).

Black Chignik

Lake Lake
Surface area (ka) 41.1 22.7
Mean depth (m) 3 29
Maximum depth (m) 6 64
Volume (km>) 0.10 0.64

Sockeye salmon
spawning areal

40 km tributary

streams

35 km tributary
streams, 5 km
beach

1 Source: Narver 1966.



erected annually between 1922 and 1937, and in 1939. The early research at
Chignik was directed by C.H. Gilbert. It consisted of collecting scale samples
from the fishery and enumerating the sockeye salmon catch and escapement.
Between 1928 and 1933 research at Chignik was conducted by Harlan Holmes. He
continued the earlier phases of the research and began new investigatijons of
the freshwater life history of the sockeye salmon in the Chignik lakes. It
became evident to investigators during this period that the sockeye salmon run
to Chignik had more than a single component. Higgins (1932) reported,

"The overlapping of two or more such independent runs gives the general

run a complex and constantly changing age composition. This complexity

apparently is increased by the existence of two independent races of red
salmon supported by the spawning grounds of the two lakes in the Chignik
system."

Further research on the presence of two stocks revealed that, in addition to
spawning in different parts of the Chignik system, the stocks differed signi-
ficantly in time of spawning migration, length of freshwater residence as juve-
niles, and age at maturity (Higgins 1934). Budget restrictions after 1933
curtailed the research effort at Chignik to the routine data collection of
earlier years. From 1940 to 1947 the sockeye salmon run at Chignik was not
monitored. Although routine data collection began again in 1948, there was

no sustained research effort at Chignik until 1955.

An extensive research effort at Chignik was initiated in 1955 in response to
growing concern by the Chignik fishing industry for the decline of the sockeye
salmon run from previous levels of abundance. The total sockeye salmon return
(catch plus escapement) declined from an average return of 1.86 million fish
during the period 1922-1939, to an average return of only 0.81 miilion fish from
1949 to 1966 (Dahlberg 1968). The research program begun in 1955 was conducted
by the Fisheries Research Institute (FRI) of the University of Washington with
funding from the Chignik salmon canners. FRI has conducted research at Chignik
annually since that time.

Research during the first five years of the program consisted of studies of the
age composition of the runs, annual estimation of the number of smolt outmigrating,
and an investigation of predation on juvenile sockeye salmon by Dolly Varden and
coho salmon (Roos 1959; 1960a; 1960b). In 1961, the Alaska Department of Fish

and Game assumed management control of the Chignik run and since then research

at Chignik has been a cooperative effort by FRI and ADF&G.

Major advancements in understanding the dynamics of the Chignik sockeye salmon
were made during the 1960s. Narver (1963) identified the spawning groups of

the Chignik system by lacustrine scale pattern, time of entry into the system,
time of spawning, and location of spawning (Table 2). Narver confirmed previous
observations that the first segment of the Chignik sockeye salmon run, entering
during June, consisted of adults bound primarily for spawning grounds in the
tributaries to Black Lake and Black River. The segment of the run entering the
system in July and August proved to be dominated by adults enroute to Chignik
Lake spawning grounds. This explained the two peaks in abundance usually observed
in the Chignik run, one occurring in June and the other in July. Narver found
that, although the age composition of adults on the spawning grounds of the two
lakes varied annually, most adults on Black Lake spawning grounds had spent one
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Table 2. The major spawning groups of the Chignik sockeye salmon run determined by geographic area, time
of entry, time of spawning, location of spawning, and location of rearing (after Narver 1963;

1966).

Group Time of Spawning characteristics Rearing Relative
(Run) entry Time Location area importance

Black Lake 6/10-7/20 7/25-8/20 Alec R. system, Black L., age I Major
(early) (peak 6/20) (peak 8/5) Fan Cr. Chignik L., age II

Black Lake 6/25-Aug. 8/20~-Sept. Alec R., some Unknown Minor
(late) Black L. beaches

Black River 6/10-7/20 7/25-8/20 W. Fork, Chiaktuak Chignik L. Ma jor
(early) (peak 6/20) (peak 8/5) Cr., Bearskin Cr.

Black River 6/25~Aug. 8/20~0ct. W. Fork, Chiaktuak Chignik L. Varies
(late) Cr., Bearskin Cr.

Chignik Lake 6/10-7/20 7/5-8/20 Chignik L. beach Chignik L. Minor
(early) (peak 6/20) (peak 8/5) spawning

Chignik Lake 6/25-Sept. 8/20~0ct. Hatchery Beach, Clark Chignik L. Ma jor
(late) (peak varies) (peak early R., Home Cr., Cucumber

Sept.) Cr.




year in freshwater residence (age 1) as juveniles, while a majority of adults
on Chignik Lake spawning areas had spent two years in freshwater residence

(age II). Other important contributions by Narver (1963) confirmed earlier
evidence that progeny from Black River tributary spawning rear in Chignik Lake
and that, in some years, there is a large migration of fry from Black Lake to
Chignik Lake. As part of these studies, Narver also developed a consistent and
objective method for measuring the lacustrine portion of sockeye salmon scales.

There were a number of ways the sockeye salmon stocks of the Chignik system

could be defined from Narver's description of the spawning groups. The defi-
nition commonly used by researchers in later years classified the stocks accord-
ing to the lake of residence as juveniles. Thus, fish were classified as belong-
ing to either the Black Lake stock or the Chignik Lake stock. In years when a
portion of the Black Lake fry emigrated to Chignik Lake, the emigrants were still
considered to belong to the Black Lake stock because they had initially entered
Black Lake after leaving the spawning grounds. This definition of the stocks is
the one adopted for this report.

In response to evidence indicating that the decline of the sockeye salmon run

at Chignik was due to an improper distribution of the escapement to the spawning
grounds of each lake (Narver 1963), research in succeeding vears was directed
toward determining the optimum escapement for each lake. Independent estimates

of the optimum escapements were derived by Narver (1966) and Dahlberg (1968).
Narver estimated the carrying capacity of each nursery lake for sockeye salmon

fry and then determined the number of adults needed on each lake's spawning
grounds to produce the desired number of fry. His optimum escapement estimates
were 411,000 adults for Black Lake spawning areas and approximately 200,000 for
Chignik Lake spawning grounds. Dahlberg derived his optimum escapement estimates
by developing conventional spawner-recruit relationships. He examined these rela-
tionships in the historic run data for the periods 1922-1939 and 1949-1966. Dahl-
berg estimated that the optimum escapements were 400,000 and 200,000 for Black
Lake and Chignik Lake, respectively. The agreement between these two very differ-
ent approaches to the problem is remarkable.

In order to calcualte the spawner-recruit relationships during the two periods
examined, it was necessary for Dahlberg to separate the annual sockeye salmon
return into its component stocks, Black Lake and Chignik Lake. Enumerating the
catch and escapement of each stock was complicated because both pass through the
same fishing area and trunk stream (Chignik River) as they return to spawn and
their times of passage overlap. The technique Dahlberg devised for separating
the two stocks is still beina used and, since an objective of this report is to
compare the current method with a technique developed Tater in the report, a more
detailed description of Dahlberg's method will be presented.

The Dahlberg technique was based on tagging studies conducted from 1962 to 1966.
Petersen disk tags were placed on approximately 250 sockeye salmon caught in
Chignik Lagoon or at the counting weir during each of five or six sampling days
interspersed throughout the main portion of the run (June and July). Unique tag
color combinations were appiied at each tagging session to identify each day.

The recovery effort consisted of counting the different color combinations present
on the fish in a spawning area during a single foot survey of each major spawning
ground at the peak of spawning. The observed tags were then classified as belong-
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ing to either early season or late season spawners (see Table 2) and the rela-
tive proportion of each group present on each tagging date calculated.

Dahlberg's division of the run into early season and late season spawners did

not strictly correspond to a division by stocks. Although most of the early-
season spawners belonged to the Black Lake stock, a portion of them would spawn
in Black River tributaries and their progeny rear in Chignik Lake. Therefore,
the two components of Dahlberg's division of the run were termed early run and
late run. The problems associated with this method of division will be discussed
later.

The tagging data for each year was then fit to a logistic curve using the model

p .. ei(a+bt) ’
where
p = the proportion of late run spawners,
1-p = the proportion of early run spawners,
e = the base of Naperian logarithms,
t = the coded time (serial day), and
a and b = parameters estimated from a year's tagging data.

The values of a and b were estimated by linear regression using the transformed
equation

with p and t defined as above. A time-of-entry (TOE) curve typical of those
calculated in Dahlberg's analysis is presented in Figure 3. He found that the
entry pattern of the runs (shape of the curves) during 1962-1966 were similar,
but the actual time-of-entry (the position of the curves) changed between years.
During the years of the study there was a ten day difference between the inflec-
tion points of the earliest and latest TOE curves observed.

Using each year-specific TOE curve, the sockeye salmon runs to Chignik during

the years 1962-1966 could be separated into early run and late run components.

To separate the run by stocks, however, an adjustment was necessary in each year
of taaging to account for the portion of the early run enroute to Black River
spawning grounds. This was done by using aerial surveys to estimate the pro-
portion of the early run spawning in Black River spawning areas. The portion of
the run defined as early spawners by the TOE curve was then corrected by removing
the estimated Black River component, which gave an estimate of the Black Lake
stock.
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It was also necessary to estimate the age composition of each stock. To do
this, the scale samples collected periodically throughout the run in Chignik
Lagoon or at the counting weir were used. The age composition of the run was
determined for each sample date and the age composition of the run on days
between sampling was estimated by linear interpolation.

To estimate the total return of each stock and its age composition for the
years 1962-1966, Dahlberg's procedure was to:

1. Separate the sockeye salmon abundance (catch and escapement) for
each day of the run into early run and late run components using
the year-specific TOE curve.

2. Apply the age composition estimated for each day to the number
estimated for the early run and late run.

3. Sum by age and by early or late run for each day of the run.

4. Correct the final early run and late run totais by the estimated
contribution of Black River spawners to the early run.

This gave an estimate of the total number and age composition of each stock,
Black Lake and Chignik Lake, in the total run. To estimate the stock composi-
tion of the runs prior to 1962 Dahlberg used a TOE curve which was an average
of the five curves calculated from the 1962-1966 tagging data. He estimated
that the average Black River contribution to the early run in those years was
13% of its total. Dahlberg then estimated the number of each stock and its age
composition in the years prior to 1962 using the procedure described above.
This allowed him to determine spawner-recruit relationships during the two per-
iods previously mentioned.

The tagging studies to determine a year-specific TOE curve were continued for
three more years before ending in 1970. In the years since 1969 an average
curve, using the curves calculated from 1962-1969, has been used to separate
the total return into its early and late run components. The range of TOE
curves calculated during that period and the average curve used since then are
shown in Figure 4. Occasionally, in the years since 1969, the position of the
average TOE curve has been shifted to account for differences in the timing of
the run as perceived by the management biologist, but the basic procedure for
separating the run by stock has remained the same.

Although it provided an early, economical technique for estimating the total
number and age compositon of each stock in the Chignik sockeye salmon run,
researchers in subsequent years became aware of the limitations of Dahlberg's
method. A major problem with the Dahlberg procedure concerned the method of
estimating the age composition of each stock. During the period when both
stocks were present in the catch and escapement, usually from mid-June to mid-
July, the age composition samples collected were a composite of both the Black
Lake and Chignik Lake stocks. Therefore, the samples did not accurately reflect
the true age composition of either stock. When these age composition estimates
were applied to the estimated numbers of each run, the difference between the
age composition of the Black Lake and Chignik Lake stocks was moderated (Parr
and Pedersen 1969; Burgner and Marshall 1974; Marshall and Burgner 1977). The
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problems with the age composition estimated for each stock became apparent when
the age composition of samples collected on the spawning grounds was compared
to that estimated by the Dahlberg procedure. Although there are problems with
a direct comparison of such data (see Discussion) the differences observed were
still considered significant. Another problem with the method using the year-
specific TOE curves was the assumption that the recovery effort was uniform for
all major spawning grounds. In most years of tagging this assumption was not
met and a greater recovery effort was expended on Black Lake spawning areas.
This was complicated further by the few recoveries from Chignik Lake beach spawn-
ing. Parr and Pedersen (1969) estimated that an unequal recovery effort could
shift the position of the TOE curve by as many as five days.

Research during the 1970s explored other methods of separating the Chignik sock-
eye salmon stocks but no satisfactory substitute was found (Marshall and Burgner
1977). Other important contributions to the understanding of the Chignik sockeye
salmon run from research during the period 1969-1979 were: (1) it was determined
that Chignik Lagoon was an important secondary rearing area for post-smolt sock-
eye salmon (Phinney 1968); (2) the technique for forecasting the return of each
stock one year in advance was refined (Burgner and Marshall 1974); and (3) the
difficulties in aging Chignik sockeye salmon scales were examined (Marshall 1977).

Objectives of this Study

The major objective of this study, as previously stated, was to determine if the
two sockeye salmon stocks of the Chignik watershed could be identified by their
scale patterns. The sampling procedures, analytical techniques, and method of
estimating the daily age and stock composition of the run will be described in
the following section. The scale pattern method of separating the stocks was
evaluated by comparing it to the procedure currently used.

A second objective was to determine if the scale pattern method could be applied
during the summer when the run was in progress. This in-season application is
needed to estimate the numbers of each stock in the escapement, which is required
by the management bjologist to ensure that the escapement goal for each stock is
met.

In addition, a number of hypotheses concerning the Chignik sockeye salmon run,
some which have important management implications, were tested by scale pattern
analyses.

MATERIALS AND METHODS

This study was initiated in 1981 and the scale sampling efforts at Chignik during
the summers of 1981 and 1982 were designed to satisfy the requirements of the
study. To completely evaluate the scale pattern technique and its applications,
however, an analysis of more than two years of data was desired. Fortunately,

the scale samples collected at Chignik during 1978, 1979, and 1980 were sufficient
for the analysis. The collection of scale samples prior to 1981 was occasionally
less frequent than during the years of the study, but there were no serious defi-
ciencies in the data. Therefore, the post-season analysis of the Chignik run by
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scale patterns was for the years 1978-1982. The in-season analysis presented
other problems because of its unique requirements. An in-season analysis was
simulated for the years 1979-1981 and an actual in-season analysis was conducted
in 1982. The next section of the report describes the procedures used in 1981
and 1982 to collect the scales and prepare them for analysis. Similar proce-
dures were used in 1978-1980 and any significant departures during those vears
is noted.

Collection of Scale Samples and Preparation for Analysis

A standard procedure was used to collect the sockeye salmon scales and prepare
them for analysis. The procedure used is the accepted method for salmon scale
studies and is an adaptation of the procedures described in Koo (1955) and
Clutter and Whitesel (1956). Briefly, the preferred scale, or a scale near it,
was removed from the left side of each fish sampled. The preferred scale is
located on the diagonal scale column between the posterior edge of the dorsal
fin and the anterior edge of the anal fin and is the second scale above the lat-
eral Tine (Clutter and Whitesel 1956). Scales of young salmon first develop in
this area. Each scale was cleaned between the fingers, moistened, and mounted
on a gummed card. The sex and mideye-to-fork-of-tail Tength measured to the
nearest millimeter was recorded for each fish sampled on an age-weight-length
(AWL) form. Thirty or 40 scales were mounted on each gummed card. Scales re-
moved from outside the preferred area were noted on the AWL form but prior to
1981 this was not done. A permanent impression of each gummed card was made in
cellulose acetate. This allowed the image of each scale to be projected by
transmitted 1ight for aging and measuring purposes.

A sample size of 200 scales is desired for age determination and scale measure-
ment studies (Clutter and Whitesel 1956). The presence of regenerated or un-
readable scales in any sample requires that more than 200 scales be collected.
To ensure that 200 scales were available for analysis, approximately 300 scales
were usually collected during each sampling session. Prior to 1981 smaller
samples were occasionally collected.

Most of the scale samples necessary for this study were collected at two loca-
tions, Chignik Lagoon and the outlet of Black Lake. Scale samples to monitor
the age and stock composition of the run were periodically collected in Chignik
Lagoon throughout June, July, and August. During the critical period of tran-
sition from a majority of Black Lake stock in the run to a majority of Chignik
Lake stock, samples were usually collected about every third day. Scale samples
were collected from catches delivered to tenders in Chignik Lagoon when the
commercial fishery was operating. Commercial fishing in the Chignik manage-
ment area is exclusively by purse seine boats. Much of the fishing effort for
the area is concentrated in Chignik Lagoon where between 60 and 70 boats oper-
ate during the height of the run. When the fishery was closed and scale samples
were needed, ADF&G chartered a vessel for a test fishery to collect the necessary
samples. The catches from two or three boats were usually subsampled when
scales were collected on the tenders. The catches from two or three areas of
the Lagoon were subsampled when a test fishery was conducted.

Scale samplies were routinely collected each year at the outlet of Black Lake

(Figure 2). Marshall and Burgner (1975) had previously found that adults in
the Black Lake escapement congregate in this area for extended periods of time
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before migrating to Black Lake spawning grounds and could be samplied using a
beach seine. Approximately 1,200 scales were collected during four or five
sampling trips to this site during each year. Sampling the Black Lake escape-
ment for scales was restricted to two or three weeks in June and early July
because: (1) beach seining at the outlet was not productive until at least
150,000 fish had been counted past the weir on Chignik River; and (2) scale
samples collected after the first week of July had large numbers of scales with
resorbed margins which could not be used in the analysis.

Age Determination of the Scale Samples

The difficulties in determining the freshwater age of Chignik sockeye salmon
from their scales were recognized by the earliest investigators. Higgins (1930)
reported, "The scales present irregularities that cannot be interpreted with
certainty until a detailed study has been made of the growth of the fingerlings
and the development of their scales." Problems with determining the freshwater
age can be attributed to three facets of the freshwater Tife history of Chignik
sockeye salmon:

1. Newly emerged fry are found in Chignik Lake throughout the summer and
often the late emerging fry deposit only two or three circuli before
growth ceases. This usually results in an indistinct first annulus
(Narver 1963; Phinney 1948).

2. In years of a large fry emigration from Black Lake to Chignik Lake,
scales of the emigrants may exhibit confusing patterns (Marshall
1977).

3. Nearly all smolts spend time in Chignik Lagoon and sometimes it is
difficult to distinguish scale growth which occurred in the lagoon
from normal freshwater growth (Phinney 1968).

As a result, determining the freshwater age of many scales is subject to a great
degree of individual interpretation. Previous studies have documented the high
between-reader variability in determining the freshwater age of Chignik sockeye
salmon scales (Narver 1963; Phinney 1968; Marshall and Burgner 1977). To eli-
minate this source of variation, the author aged all the scales used in the study.

To test if age interpretations were consistent throughout the study, three Targe
samples were re-aged about one year after the initial reading and the age compo-
sitions compared. The samples re-aged were the 1978 and 1980 samples collected
at the outiet of Black Lake and the 1980 samples collected in Chignik Lagoon.

Narver (1963) and Marshall (1977) had previously investigated the problems with
interpreting the lacustrine annuli on Chignik sockeye salmon scales. These
studies sampled the scales of juveniles from specific brood years throughout
their freshwater residence, from emergence to outmigration. By collecting scales
of known lacustrine age in each lake, they were able to examine the different
scale patterns associated with each lacustrine age group. This report adapted
the criteria established by these studies for interpreting the lacustrine age.
Narver's criteria for designating lacustrine annuli were: (1) any narrowing of
circuli and/or the space between circuli; and (2) "cutting over" of the first
circulus of the new year's growth. Marshall concluded that, in addition to these
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criteria, "all relative minimums (decrease in distance between circuli) in the

lacustrine portion of Chignik sockeye scales should be accepted as true annuli

if such minimums are accompanied by changes in either the types or boldness of

circuli.” Marine annuli were usually very distinct and there were rarely prob-
lems with determining the marine age.

The scale impressions were projected at 82X on a standard microfiche reader for
aging. A preliminary age reading of all scales in a sample was made at this
magnification and an age assigned to all readable scales. Scales displaying

any regeneration or scale images too indistinct to interpret with confidence were
omitted from the analysis. During the preliminary reading, there was occasionally
uncertainty in the lacustrine ages assigned to some scales because of confusing
scale patterns. These scales were marked and later examined at 210X (the magni-
fication used for measuring the scale features) to verify the assigned age.
Usually 10-15% of the scales in a sample required examination at the higher
magnification. This proved to be an efficient procedure for accurately aging

the large numbers of scales required for this study. A1l ages were recorded in
the European formula as defined by Koo (1962)%.

Scale Measurement Procedure

The scale features measured for this analysic were restricted to the lacustrine
zone of the adult scales collected. Any differences in scale patterns between
the two Chignik sockeye salmon stocks should be most evident in this zone
because of the different environmental conditions that each stock experienced
in its associated nursery lake. The marine growth of the scales of the two
stocks should be similar because their time of outmigration overlaps and their
ocean migrations are assumed to be similar. Previous research had confirmed
that differences existed between the lacustrine scale patterns of the stocks.
Narver (1963) found differences in lacustrine scale growth patterns between the
spawning groups of each lake in the Chignik system, and Marshall et al. (1980)
used measurements made in the lacustrine zone to separate the 2.3 age class by
run in the 1978 return to Chignik.

Previous studies have estabiished that an axis approximately perpendicular to

the anterijor edge of the unsculptured posterior field is best for consistently
measuring sockeye salmon scales (Clutter and Whitesel 1956; Narver 1963). This
axis is approximately 20° dorsal or ventral from the anterior-posterior axis
(Figure 5). A11 circuli counts and scale measurements in the lacustrine zone
were made along this axis. The scale impressions were projected at 210X and the
distance from the center of the scale focus to the outer edge of each circulus in
each annular zone was measured. The number of circuli and width of any freshwater
plus growth were measured also. Plus growth is defined as scale growth after the
last lacustrine annulus and before the onset of marine growth (Mosher 1969).
Annular zones were identified by the criteria previously described for age inter-
pretation. The criteria for deciding which circuli to count and measure in an

' European formula: number of freshwater annuli, decimal point, number of
marine annuii. The total age in years is the sum of these two numbers
plus one.
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Figure 5. Section of an age 1.3 Chignik sockeye salmon scale showing the
position of the measurement axis (97X).
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annular zone were those of Tanaka et al. (1969), which are illustrated in
Figure 6. Regenerated scales, scales which were not from the preferred area,
or scales with a poor impression in the acetate were not measured.

A1l measurements of scale features were made using a microcomputer-based scale
digitizing system developed at FRI. This system is designed to eliminate most
of the laborious and error-prone steps of measuring scales and enable rapid and
accurate processing of large numbers of scales. The scale image is projected
on an electronic digitizing surface and the coordinates of the scale characters
being measured are entered with a hand-operated free-cursor. The coordinate
sets are processed by a microcomputer interfaced with the digitizing tablet and
the linear distance to each circulus from the scale focus calculated to the
nearest 0.001 inch. Data describing the sample being processed (sample number,
sex, length, age, etc.) is entered on a keyboard connected to the computer.

The information describing each sample, the distance to each circulus in each
annular zone, and summary data, total number of circuli and width, for each
annular zone and the plus growth zone (if present) are formatted and recorded
on a flexible magnetic disk (Appendix Tables la and 1b).

Analytic Procedures Used to Identify the Chignik Sockeye Salmon Stocks by Their
Scale Patterns

The ability to recognize salmon stocks by their scale patterns depends upon the
degree of difference between the scale characters examined for the stocks and the
analytic technique. Various discriminant function analyses have traditionally
been used to separate salmon stocks by their scale patterns. The most commonly
used procedure has been the linear discriminant function (Anas and Murai 1969;
Bilton and Messinger 1975; Bethe and Krasnowski 1979). Quadratic discriminant
functions (Anas and Murai 1969), polynomial discriminant functions (Cook and

Lord 1978), and direct density estimation procedures (Cook 1982a) have been used,
also. Linear discriminant function (LDF) analysis was selected for this report
because: (1) Marshall et al. (1980) used an LDF in their scale pattern analysis
of the Chignik sockeye salmon stocks and were able to identify the stocks with
greater than 80% accuracy; (2) existing programs for performing an LDF analysis
are readily available (for example BMDP7M, Dixon and Brown 1979); and (3) it was
necessary to perform the scale pattern analyses on a microcomputer and the pro-
cedures for performing an LDF analysis could be easily programmed in FORTRAN.

The LDF is a multivariate technique for constructing a classification scheme to
assign a previously unclassified observation to an appropriate group. The LDF
is the linear combination of p observed variables which maximizes the between-
group variance relative to the within-group variance (Fisher 1936). Consider
two_independent random samples each drawn from a p-variate normal distribution.
If x5 and x, are the sample mean vectors for each group and S the pooled sample
variance-covariance matrix, then the coefficients of the sample LDF are estimated
by
= =\ o1
(x1 - x,)°8 " .

The allocation rule for determining the group membership of an unknown observa-
tion, x = (x1, x,, - . . xp)’, depends on
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W= (K1 - %p)°STHx - 1/2(%y + X,)).

The unknown observation is then assigned to a group depending on the value of

w and some cut-off point, which is fregquently taken as zero. The major assump-
tions underlying LDF analysis are: (1) the groups being investigated are dis-
crete and identifiable; (2) the variables used to determine group membership

have a multivariate normal distribution in each population; and (3) the variance-
covariance matrices for the groups are equal.

Previous studies which have separated stocks of salmon using scale patterns and
LDF analysis did not test the fit of the scale measurement data to the assumptions
underlying the LDF. One assumption which can be tested is that of the equality of
variance-covariance matrices for the populations being separated. Box (1949)
described a procedure for testing the equality of varjance-covariance matrices
using the F statistics. This procedure was used to test the equality of vari-
ance-covariance matrices for all the LDF analyses of the Chignik sockeye salmon
scale measurement data.

Once an LDF has been calculated, its accuracy in assigning observations of un-
known origin to the correct group must be determined. Most investigators involved
in salmon stock jdentification estimate error rates by dividing the data for each
sample of known origin into two subsamples. One subsample is then used to con-
struct the discriminant function(s) and the remaining data js classified using
that discriminant function. By observing the proportion of the second subsample
misclassified, the error rates can be estimated. Cook (1982a) noted that this
procedure required fairly large sample sizes, which are not always available,
and it was not an efficient use of the entire sample. Cook suggested that the
leaving-one-out method proposed by Lachenbruch (1967) was more appropriate.

This method uses all observations and gives nearly unbiased estimates for the
probabilities of misclassification. The classification accuracy is estimated

by removing one observation from the data, constructing a discriminant function
using all remaining observations, and classifying the omitted observation with
the discriminant function. This is done for all observations and the results
taliied. The probability of misclassification for each group can then be cal-
culated. The leaving-one-out procedure was used to estimate the classification
accuracies of all LDF analyses performed for this study. An inverse matrix
adjustment procedure (Bartlett 1951) was used in the program which performed the
LDF analysis on the microcomputer. This significantly reduced the time required
by the microcomputer to perform the leaving-one-out procedure by requiring only
a single matrix inversion.

In studies separating stocks of salmon by their scale patterns the goal is usually
not to identify the origin of individual saimon but to estimate the proportion of
different stocks present in an area of intermingling. The origin of each obser-
vation in a sample consisting of a mixture of stocks can be determined using the
appropriate LDF and the proportion of each stock present can be calculated.
Worlund and Fredin (1962) noted a set of Tinear relationships which adjust the
proportional estimates from the mixed samples to account for the cliassification
errors of the assignment rule. Cook and Lord (1978) formulated this approach in
matrix notation and applied it to a salmon stock identification problem. They
found by simulation that the classification matrix correction procedure improved
the estimate of the true proportion of each stock present. Using the notation of
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Cook and Lord, let the classification accuracy estimated by the leaving-one-out
procedure be represented by the matrix C, where the element Cij is the fraction
of the population from stock ;j that is classified as stock i. "Let r be a vector
with elements ri, r,, ..., where r, is the proportion of the mixed population
classified as stock i. Then

=)' 7,

where each element u; is the corrected estimate of the proportion of stock i in
the sample composed of a mixture of stocks.

Variance formulae for the estimates of u have been prooosed by Worlund and Fredin
(1962), Pella and Robertson (1979), and Cook (1982b). Cook (1982b) noted that all
proposed formulae require that r and C be statistically independent, which is
never true in practice. Simulation studies by Cook revealed the variance form-
ulae of Pella and Robertson (1979) lead to conservative confidence intervals when
t and C are independent. He felt that, due to the conservative nature of the
formulae, their use was justified. Therefore, all variances for the proportional
estimates of the stock composition of mixed samples were derived using the formulae
of Pella and Robertson. When only two stocks are present in the mixture, as was
the case for this study, confidence intervals can be calculated using the variance
estimate and the univariate normal approximation (Pella and Robertson 1979).

Scale Characters Examined and Selection Procedure for Use in the LDF

The discriminating power of the LDF is a function of the variables used to con-
struct it. The greater the difference between the populations for the variables
used in the LDF, the higher the classification accuracy. The patterns of circuli
and annuli on a scale reflect the growth history of an individual. The basis for
separating stocks of salmon by their scale patterns is the difference in the
growth histories of each stock. The degree to which the characters measured from
the scale reflect the differences in growth between the stocks determines the
accuracy of the LDF in separating the stocks.

The scale characters examined for this study included those recorded directly
from each scale; the width and number of circuli in each lacustrine annular zone
and in the zone of lacustrine plus growth (if present), and the distance from
the center of the scale focus to each circulus in each lacustrine annular zone;
and combinations of these characters. Differences in scale growth which could
be useful in discriminating between stocks could appear during any period of the
freshwater life history. Therefore, within each annular zone the width of and
number of circuli in a number of specific areas distributed throughout the zone
were examined. Other scale characters which reflect growth were generated by
expressing the scale growth within a specific area in an annual zone as a frac-
tion of the total width of that zone. A total of 62 scale characters in each
Tacustrine annual zone (first or second) and six characters in the zone of lacus-
trine plus growth, if present, were generated from the basic set of measurements
made on each scale (Appendix Table 2).

Sex as a possible source of variation in scale characters has been examined in
previous sockeye salmon stock separation studies by Anas and Murai (1969) and
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Bilton and Messinger (1975). They found no significant differences between
males and females for the scale characters they examined. These studies used
scale characters in the lacustrine and marine zones, but did not examine the
lacustrine zone in the detail of this study. Also, these studies tested for
differences in scale characters between the sexes on the univariate level and
their conclusions may not apply to the multivariate case. Since LDF analysis
is a multivariate procedure, a multivariate test for differences in scale
characters between males and females would be more appropriate.

A procedure for testing the equality of means between two groups for more than
one variable uses the Hotelling 72 statistic (Morrison 1976). This test is also
used for the in-season analysis, so its development will be described. The
assumptions underlying this multivariate procedure are similar to those for LDF
analysis, the two samples are assumed to be drawn from multivariate normal pop-
ulations with a common covariance matrix. The Hotelling 72 statistic is

N1N2 _ a _

T, = ﬁ?—:—ﬁj (xy - Xz) S

(X1 - X;)
where n; and N, are the sample sizes for the groups being test, X, and iz are
vectors of means for the variables being compared for each group, and S is the

pooled variance-covariance matrix estimated from the sample data. The test
statistic is

N1+N2—p—l

F = T2
(Nl + N2 - 2)p

which has the variance ratio r distribution with degrees of freedom p (number of
variables) and Ny + N, - p - I.

If the null hypothesis Hy: X1 = X,, is rejected, those variables which contri-
bute most of the difference between the groups can be determined by constructing
Roy-Bose simultaneous confidence intervals around the differences between the
means (Morrison 1976). This procedure is superior to examining the difference
between mean values for the groups using a univariate t-test because it protects
against the tendency for individual differences to be significant merely by
chance as more responses are included and it accounts for the effects of positive
correlations among the subtests. The Roy-Bose simultaneous confidence intervals
are constructed for the difference between the mean values of the variables for
each group by

= = 1/2 Ny + N
(X171 = Xz9) £ (s,.) SV ,172
NiN a;p,N1 + N, - p - 1

’
2

where S, ; is the ith diagonal element of S—].

Those variables which do not include zero in the confidence interval around the
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difference between their means are the variables contributing most to the differ-
ence between the two groups.

The Hotelling T2 statistic performs best when a limited number of variables are
tested simultaneously for equality between groups. To test the hypothesis that
scale growth is the same for males and females, a manageable subset of all the
scale characters generated had to be selected. The basic scale measurement
characters in each lacustrine annular zone were selected for testing because
most of the other scale characters generated were linear combinations of these
basic measurements. The scale characters tested were the mean width of and mean
number of circuli in each lacustrine annular zone, the mean distance from the
center of the scale focus to each of the first five circuli in the first annual
zone, and (if present) the mean distance from the end of the first lacustrine
annulus to each of the first five circuli in the second annular zone. Each
annular zone was tested separately to 1imit the number of variables tested simul-
taneously to seven for each annular zone. Incomplete cases, scales which had
less than five circuli in an annular zone, were omitted from the analysis of
that zone.

Each standard used in an LDF analysis was tested for equality of scale characters
between males and females. As was done for each LDF analysis, the equality of

the variance-covariance matrices for the sexes was tested using Box's procedure

to examine how well that assumption was met. When a significant difference was
found between the scale characters of males and females, Roy-Bose 95.0% confidence
intervals around the differences between the means were constructed to determine
which variables were responsible for the significance of the test.

A great variety of techniques have been used to select the "best" subset of vari-
ables for a discriminant analysis. When only two populations are involved the
problems associated with selecting a subset of variables for an LDF analysis are
greatly reduced. For the two group problem, a stepwise procedure using the F
statistic to determine entry into the LDF will provide a "best" subset for dis-
crimination (Habbema and Hermans 1977). The program BMDP7M (Dixon and Brown
1979) provides a procedure which uses the F statistic to select a subset of vari-
ables for an LDF. This program sequentially enters the variable with the highest
partial F-value, calculates an LDF using the variable entered and any variables
previously entered, and determines the classification accuracy of the LDF. This
procedure continues until the partial F-values for the variables not entered are
below a user-specified cut-off.

A1l the scale characters generated for each freshwater age group could not be
screened simultaneously using BMDP7M because of memory limitations. To reduce
the 68 possible scale characters for age I fish and 130 possible scale characters
for age II fish to a manageable subset, a preliminary analysis of the characters
was conducted. The F-value for all scale characters and the correlation coeffi-
cient for each pair of characters were calculated and a subset of approximately
30 variables was then selected for each analysis. The scale characters selected
had either a large F-value or were negatively correlated with characters having
large F-values. Variables selected using these criteria will usually contain a
subset which will give the "best" LDF (Cochran 1964). The characters selected by
this procedure were then used in BMDP7M with the F-to-enter Tevel set to 4.0.

The "best" subset of characters for discriminating between the two stocks was
then selected by the program with the previously described procedure. An F-to-enter
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value of 4.0 usually corresponded to an o level between 0.025 and 0.050 for

the sample sizes used in the analyses. McLachlan (1980) stated that with a
conservative o level such as this, there can be a fairly high degree of con-
fidence that the overall error rate is not increased by the selection decisions
of the F test.

METHODS FOR POST-SEASON ANALYSES

Estimates of the numbers and age composition of the components of the Chignik
sockeye salmon run, i.e., the catch and escapement of the Black Lake and the
Chignik Lake stocks, are necessary to: (1) evaluate the effects of regulating
the commercial fishery; (2) determine the spawner-recruit relationships for
each stock; and (3) forecast the return of each stock in subsequent years.

The purpose of the post-season analyses was to estimate the numbers and age
composition of each stock in the catch and escapement. This section describes
the method developed for the post-season analyses.

Estimating the Daily Sockeye Salmon Abundance in Chignik Lagoon

The scale samples used to estimate the stock and age composition of the Chignik
run were collected in Chignik Lagoon. The commercial catch in areas outside of
the Chignik Lagoon and the escapement to Chignik River had to be adjusted to
coincide with the daily catch in the Lagoon before the stock and age composition
estimates could be applied. Previous tagging studies determined that nearly all
sockeye salmon intercepted by the commercial fishery in the Chignik management
area were enroute to the Chignik system (Roos 1960b; Dahlberg 1968; Lechner 1969).
Therefore, the ADF&G allocates all sockeye salmon caught in the Chignik manage-
ment area to the Chignik run. In addition, the tagging studies found that a sub-
stantial portion of the sockeye salmon caught by the purse seine fishery at Cape
Igvak (Figure 1) were of Chignik origin. Traditionally, 80.0% of the Cape Igvak
sockeye salimon catch has been allocated to the Chignik run and that procedure was
followed for this report.

Catches in the districts outside of Chignik Lagoon were adjusted to allow for

the migration time to the Lagoon before the stock and age composition estimates
were applied to them. Average migration times to the Lagoon were estimated for
each of the ADF&G fishing districts in the Chignik management area. Two districts
were modified slightly to allow different migration times within the district
(Figure 7). The Central district was divided into two smaller areas, Hook Bay/
Kujulik and Aniakchak, and its eastern boundary extended. The migration time
from each area to Chignik Lagoon was estimated from the results of the previous
tagging studies. The migration times were estimated as being: Hook Bay/Kujulik,
1 day; Aniakchak, 2 days; Western, 2 days; Eastern, 3 days; Perryville, 3 days;
and Cape Igvak, 5 days. These are average migration times and are realized to

be gross approximations. They were not felt to be a major source of error in
estimating the total daily catch, however, because the catch in areas outside

the combined Chignik Lagoon-Hook Bay/Kujulik areas averaged less than 15% of the
total catch for the years 1978-1982 (Table 3).

It was also necessary to adjust the escapement counts at Chignik weir to account
for the migration time from the Lagoon to the weir. Roos (1960b) and Dahlberg
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Map showing the modifications to the Alaska Department of Fish
and Game fishing districts for the Chignik area.
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Table 3. Percentage of the total Chignik sockeye salmon catch caught in

Chignik Lagoon and in the combined Chignik Lagoon-Hook Bay/Kujulik
areas, 1978-1982.

Sockeye salmon catch

Chignik Lagoon-

Year Total Chignik Lagoon % Hook Bay/Kujulik %
1978 1,821,053 1,474,673 81.0 1,512,370 83.0
1979 1,064,029 908,405 85.4 945,036 88.8
1980 860,415 708,828 82.4 779,977 90.7
1981 2,110,893 1,343,680 63.7 1,631,539 77.3
1982 1,676,864 1,400,770 83.5 1,472,758 87 .8
Mean 79.2 85.5

-26-



(1968) both used a lag time of two days from the Lagoon to the weir. They based
their estimate on tagging experiments conducted in Chignik Lagoon when the fish-
ery was closed. This may not be an accurate estimate, however. When the fish-
ery was closed during a period of large daily escapements, a significant decrease
in the escapement was typically observed one day after the fishery in the Lagoon
began again. When the fishery was opened for an extended period, the correlation
between the number caught in Chignik Lagoon and the escapement one day later was
consistently better than a correlation using the escapement two days later (Conrad,
unpublished data). The intense commercial fishery in the Lagoon appears to herd
the fish through the lagoon and, because of this "flushing" effect, a one day
migration time from Chignik Lagoon to the weir was decided to be more appropriate.

Since 1979 the weir on Chignik River has been removed on 1 August. An August
escapement of 50,000 sockeye salmon has been estimated by the Alaska Department
of Fish and Game for each of the years 1979-1982. This estimate was divided
equally among the days in August to determine the daily Chignik Lagoon abundance
in August.

Constructing the LDFs for Estimating the Stock Composition in Chignik Lagoon

An LDF analysis requires a representative sample (a standard) of each group to

be separated in the analysis. The standards for the Black Lake stock consisted
of scales randomly selected from those collected by beach seining at Black Lake
outlet. Constructing the Chignik Lake standard in a similar manner was not
possible because: (1) there is no area where large numbers of Chignik Lake
spawners accumulate (outside of Chignik Lagoon) where they are available for
sampling; and (2) the Chignik Lake spawners do not move onto the spawning grounds
until Tate in the season (September and October) after the field research has
ended.

Scales to construct the Chignik Lake standards were selected from the samples
collected in Chignik Lagoon. Scales were randomly selected from samples collected
in the Lagoon on 24 July or later to construct the standards required for the
years 1978-1982. During the years of tagging to estimate the Dahlberg TOE curve,
spawners were never assigned to the Black Lake stock Tater than 21 July. In the
years of this study, more than 80% of the total run (adjusted to Chignik Lagoon
date) had occurred by the time the first sample to be used as a Chignik Lake
standard had been collected. Probably very few Black Lake spawners, if any,

would be present in this last segment of the run to arrive.

A major criticism of the Dahlberg method of separating the Chignik sockeye salmon
stocks was its failure to recognize differences in the age composition between
the stocks by applying a single stock composition estimate to all age classes.

To avoid this, an LDF specific to each of the major age classes in the run for
each of the years 1978-1982 was constructed. Historically, the 1.3 and 2.3 age
classes dominate the Chignik sockeye salmon run. Combined, these two age classes
usually account for more than 80% of the total run in any year. The 2.2 and 1.2
age classes, respectively, are next in importance. The contributions of other
age classes are minor.

A sample size of 200 scales was desired for each set of standards (Black Lake and
Chignik Lake) required for an age class. Unfortunately, 200 scales of the neces-
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sary age were not always available and it was often necessary to use smalier
sample sizes. If less than 25 scales for an age class were available for a
standard, an LDF analysis was not conducted for that age class. The classifi-
cation accuracy of each age-specific LDF was estimated us1ng the leaving-one-out
procedure.

Estimating the Daily Stock Composition in Chignik Lagoon

The scale samples collected in Chignik Lagoon during the period of transition
(approximately 15 June to 20 July) were used to estimate the proportion of each
stock present in the catch and escapement. Scale measurements for each age class
analyzed were taken from a maximum of 100 scales of those available on a sample
date. If less than 15 scales for an age class were available that age class was
not analyzed for that sample date.

An LDF was constructed for each of the age classes available in sufficient numbers
for analysis. For each age class analyzed, the samples of unknown stock composi-
tion were then classified using the appropriate age-specific LDF. The estimates
of the proportion of each stock present in an age class were adjusted by the
classification matrix correction procedure and the variance of each of the esti-
mates was calculated.

Once the stock composition estimates for an age class were calculated they could
be applied to the daily catch and escapement totals in a number of ways. Three
methods of applying the estimates were considered: (1) apply the adjusted esti-
mates for a sample date as they were; (2) generate a smooth curve by following

a procedure similar to that used to determine a Dahlberg TOE curve; and (3) smooth
the estimates over a number of sample dates. In a preliminary analysis (Conrad
1982), large differences in stock composition estimates for an age class were
observed in samples only two or three days apart. This could be attributed to

an unrepresentative scale sample collected in Chignik Lagoon than to a real change
in the stock composition of the magnitude observed. This problem will be dis-
cussed more thoroughly in a later section (see Discussion). It was felt that
using the estimates as they were was not appropriate because of the danger of an
unrepresentative sampie.

Marshall et al. (1980) followed Dahlberg's procedure and generated a smooth curve
using the stock composition estimates derived by analysis of the scale patterns
of one age class. This method assumes that the proportion of Chignik Lake stock
in Chignik Lagoon steadily increases (while the proportion of Black Lake stock
declines) during the season and deviations from this pattern are not recognized.
This assumption is not met because the early arriving Black River spawners belong
to the Chignik Lake stock and, in some years, contribute substantially to the
early arriving portion of the run. In addition, the smooth curve estimated by
Dahlberg's procedure is extremely sensitive to the logarithmic-tranformed pro-
portional estimates and the position and shape of the curve is greatly influenced
by the number of significant digits used in its calculation (Parker et al. 1981).
Because of these problems, this method was not considered appropriate.

A simple but effective procedure is to weight the adjusted stock composition
estimates for an age class equally and smooth them by a moving average of three
sample dates. Two benefits of this procedure are: (1) the effects of samples
which might not be representative of the actual stock composition in the Lagoon
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are partly ameliorated; and (2) the variances of the smoothed stock composition
estimates were smaller than the variances of the original adjusted estimates.
The variance of a smoothed estimate was estimated by

var (i) = (1/3)2 [var(i~1l) + var(i) + var(i+l)],

where i = sample being processed, i-1 = the sample preceding i, and i+1 = the
sample following i. In order to include all samples collected during the period
of transition it was assumed any sample collected prior to the first sampling
date would consist entirely of Black Lake stock and the first sample used to
construct the Chignik Lake standard (after the period of transition) consisted
of 100% Chignik Lake spawners. Negative stock composition estimates were set to
0.0 and estimates greater than 1.0 set to 1.0 before the estimates were smoothed.
The stock composition on days between sampling dates was estimated by linear
interpolation of the smoothed estimates.

Estimating the Daily Age Composition in Chignik Lagoon

Before the age-specific stock composition estimates could be applied, the total
daily catch and escapement counts had to be apportioned by age class. The age
composition of the scale samples collected in Chignik Lagoon was used to describe
a daily age composition. For the escapements prior to the first Lagoon sampling
date, the age composition of the first sample collected was used. The age compo-
sition of subsequent samples was applied to the run totals on the day the sample
was collected. The age composition for days between two sampling dates was esti-
mated by linear interpolation between estimates from the two samples. The age
composition of the last Lagoon sample was applied to the total catch and escape-
ment on that day and on succeeding days.

Using the age composition of samples collected in Chignik Lagoon to estimate the
age composition of the escapements involves the assumption that the commercial
purse seine fishery in the Lagoon randomly samples all age groups. Roos (1960b)
and Dahlberg (1968) both state that the age composition of samples collected at
Chignik weir is comparable to the age composition observed in Chignik Lagoon.

Separating the Total Catch and Escapement by Stock

Estimating the number and age composition of each stock in the total daily catch
and daily escapement was then a simple procedure. The number in each age class
was estimated by applying the age composition estimated for a day to the number
in the total catch or the escapement for that day (adjusted to Lagoon date). The
number of each stock in an age class was then determined by applying the smoothed
stock composition estimate for an age class to the number in the age class. For
age classes for which there were not stock composition estimates, the average of
the estimates available was applied. This procedure was followed for all days on
which there was either an escapement or catch of sockeye salmon. By summing the
daily estimates of the number of each stock present by age class, the total number
and age composition of the Black Lake and Chignik Lake stocks in the total catch
and escapement was estimated.
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METHODS FOR IN-SEASON ANALYSES

In-season estimates of the number of each stock in the daily escapement are
required so that the cumulative escapement of each stock can be monitored through-
out the season. Cumulative escapement goals for each stock are established for
each week of the run to ensure optimum escapements to the Black Lake and Chignik
Lake spawning grounds. The management strategy is to regulate the commercial
fishery according to the status of the cumulative escapement of each stock rela-
tive to its weekly goal. If the cumulative escapement of a stock (or both

stocks) is considerably below the weekly goal the fishery is closed or remains
closed. If the cumulative escapements exceed the weekly goals the fishery is
opened or remains open.

The basic procedure used to perform a post-season analysis was applied to the
in-season analysis. Scale samples collected in Chignik Lagoon were used to esti-
mate the stock and age composition of the run. Daily estimates of the stock and
age composition of the run were calculated following a procedure similar to the
post-season analysis. The daily estimates were then applied to the total daily
escapement after allowing for a one-day migration time from the Lagoon to the
weir. The number of each stock in the escapement was estimated and cumulative
totals were kept. The major difference between a post-season and an in-season
analysis was the construction of the standards necessary to compute the age-
specific LDFs.

Constructing the Standards for an In-season LDF Analysis

The Black Lake standards for an in-season analysis can be constructed from the

scale samples collected at the outlet of Black Lake during the season. Because
the early portion of the run consists primarily of Black Lake spawners, suffi-

cient numbers of scales for the necessary Black Lake standards can be collected
before the critical period of transition from Black Lake to Chignik Lake stock.
An initial standard can be established and used for a preliminary analysis. As
more samples are collected Tater in the season the standard can be enlarged for
later analyses.

Unfortunately, the Chignik Lake in-season standards could not be established in

a similar manner. Standards to perform the LDF analyses were required well before
any samples collected in Chignik Lagoon could be used to construct the Chignik
Lake standards. Therefore, it was necessary to construct "artificial" standards
which were representative of the Chignik Lake spawners for the age classes being
analyzed. Two possibiiities examined for constructing "artificial" Chignik Lake
standards were: (1) using scales from Chignik Lake spawners of the same lacus-
trine age and from the same brood year but which returned one year prior to the
year of analysis, for example using the 1981 2.2 Chignik Lake standard to repre-
sent the 1982 2.3 standard; and (2) pooling the standards for one age class over

a number of years to establish a universal standard which is representative of the
Chignik Lake spawners of an age class in any year.

The lacustrine scale patterns of one year's 2.2 Chignik Lake return should be

similar to the following year's 2.3 Chignik Lake return. These fish, from the
same brood year, would have reared in the lake during the same time period, and
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would have experienced the same environmental conditions during their lacustrine
lTife. Clutter and Whitesel (1956) compared the lacustrine scale patterns of age
1.1 sockeye salmon jacks from different Fraser River stocks to those of age 1.2
adults returning one year later. They found that the scale patterns were similar,
but the jacks generally had more lacustrine circuli. Henry (1961) used age 1.1
sockeye salmon jacks from the major Fraser River stocks to establish his criteria
from separating the age 1.2 adult return in the next year by stock. He found that
the lacustrine circuli counts of the jacks were very similar to the counts of the
1.2 adults from the same stock in the following year.

A 1.3 Chignik Lake standard for in-season analyses cannot be established using

the previous year's 1.2 return to Chignik Lake, however, because the 1.2 age class
is never present in sufficient numbers in the Chignik Lake stock to provide an
adequate standard. This method could only be used for an in-season analysis of
the 2.3 age class.

The Hotelling 72 statistic, used to test the equality of scale characters between
males and female, was also used to compare the scale patterns of one year's 2.3
Chignik Lake adults and the previous year's 2.2 Chignik Lake adults. The same
subsets of basic scale growth characters used to ompare the sexes were used in
this analysis. They were, in the first lacustrine annular zone; the mean width
of and mean number of circuli in the zone and the mean distance from the center of
the scale focus to each of the first five circuli in the zone; and in the second
Tacustrine annular zone; the mean width of and mean number of circuli in the zone
and the mean distance from the end of the first lacustrine annulus to each of the
first five circuli in the zone. As in the comparison of the sexes, separate tests
were performed for the characters in each annular zone, and scales having less
than five circuli in an annular zone were omitted from the analysis.

Four sets of Chignik Lake 2.2-2.3 scale measurement data were tested. They were:
(1) the 1978 2.2 - 1979 2.3; (2) the 1979 2.2 - 1980 2.3; (3) 1980 - 2.2 - 1981
2.3; and (4) the 1981 2.2 - 1982 2.3. If a significant difference were found for
a 2.2-2.3 comparison, Roy-Bose 95.0% simultaneous confidence intervals were con-
structed to determine which variables were responsible for the difference.

Multivariate analysis of variance (MANOVA) was used to test the hypothesis that,
for the Chignik Lake stock, scale growth for an age class does not vary signifi-
cantly from year to year. If this hypothesis were not rejected, a universal
Chignik Lake standard could be established for each of the major age classes by
pooling the scale measurement data for an age class over a number of years. A
MANOVA tests the equality of group mean vectors for two or more groups (Cooley
and Lohnes 1971). The Hotelling 72 statistic, described previously, is a special
case of MANOVA when only two groups are being tested. The major assumptions for
MANOVA are identical to those for the Hotelling T2 test.

SPSS MANOVA (Hull! and Nie 1981) was used to compare the vectors of mean scale
growth characters of the 1.3 and 2.3 age classes for the Chignik Lake standards
from the years 1978-1982. The same subset of scale characters in each lacustrine
annular zone used in the previous analyses comparing scale growth were used for
this analysis. As was done previously, a separate analysis was performed for the
scale characters in each lacustrine annular zone.
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Selection of Scale Characters for In-season LDF Analysis

The procedure used to select a "best" set of scale characters to use in an in-
season LDF analysis of an age class depended on the standard selected to repre-
sent the actual Chignik Lake standard. 1If a year's pooled standard was used,
the stepwise F procedure for the post-season analysis was used and all scale
characters were screened. For one age class, the difference in scale growth
during the years 1978-1982 were assumed to be smaller than the differences in
scale growth between the Black Lake and Chignik Lake stocks for those years.

The set of scale characters which best separated the Black Lake stock from the
year's pooled standard would also be the set which best separated the Black Lake
and Chignik Lake stocks.

If a 2.2 Chignik Lake standard was used to represent the next year's 2.3 Chignik
Lake standard, a modified set of scale character variables was considered. Those
variables which best discriminated between the 2.2 Chignik Lake standard and the
2.3 Black Lake standard might include variables which were significantly differ-
ent between the 2.2 Chignik Lake standard and the 2.3 standard it represented.
The scale characters screened for the in-season analysis were those which were
not significantly different between the 2.2-2.3 Chignik Lake standard but still
provided discrimination between the Black Lake and Chignik Lake stocks.

The four sets of 2.2-2.3 Chignik Lake standards were compared by the pairwise F
tests used for the initial screening of the scale characters in the post-season
analyses. ATl scale characters for which there were no significant differences
between the 2.2-2.3 standards in any of the years considered were screened for
the in-season LDF analyses. An effective set of scale characters for discrimi-
nating between the Black Lake and Chignik Lake stocks was selected from this
subset with the stepwise F test.

Separating the Escapement by Stock

Once an LDF for each class being analyzed for the in-season analysis had been
defined using the Black Lake standard and the representative Chignik Lake standard,
the number of each stock in the escapement was estimated. The same procedure used
for the post-season analyses were followed with one modification. For the in-sea-
son analyses, it was important to have estimates of the cumulative escapement of
each stock which included the most recent escapements. After the stock composi-
tion estimates derived in-season were smoothed, daily stock composition estimates
could be interpolated only for the days up to the sample preceding the most recent
one. Stock composition estimates for the period between the last sample and the
sample preceding it were derived by weighting the most recent stock composition
estimate twice and applying the smoothing procedure. Stock composition estimates
were then available for the days up to and including the day of the most recent
sample. The cumulative escapement of each stock was estimated by summing the esti-
mates. The cumulative totals were updated on each subsequent sample date.
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RESULTS

Consistency in Age Interpretation of Scales

Three large scale samples were re-aged approximately one year after the initial
reading. The number of scales assigned an age different from the initial inter-
pretation were: for the 1978 Black Lake samples, the ages of 30 scales of the
1,595 scales aged were changed (1.9%); for the 1980 Black Lake samples, the

ages of 27 scales of the 1,367 scales aged were changed (2.0%); and for the

1980 samples collected in Chignik Lagoon during July, the ages of 58 of the
1,853 scales aged were changed (3.1%). The high rate of agreement between the
first and second age readings (97.6% for all samples re-aged) indicates a con-
sistent interpretation of the annuli on the scales throughout the study. A com-
parison of the age composition determined for each sample by the first and second
readings is given in Table 4. Because many of the age changes were reciprocal,
the difference between the number of scales assigned to each age group for the
first and second readings is less than the total number of scales assigned new
ages for a sample.

Comparison of Scale Growth Between Males and Females

The results of the test of the hypothesis thet, within an age class and brood
years, male and female sockeye salmon from the same stock have identical mean
scale growth vectors, are given for the first lacustrine annular zone and the
second lacustrine annular zone in Tables 5 and 6, respectively, for each standard
tested. The significance of the multivariate test using the Hotelling 72 statis-
tic is indicated for each test performed. When the hypothesis of identical scale
growth was rejected, the scale characters responsible for the difference, as indi-
cated by Roy-Bose 95.0% simultaneous confidence intervals, are 1isted. The result
of Box's test of the hypothesis of equal covariance matrices for males and females,
an assumption necessary for the Hotelling 72 test, is given for each analysis,
also.

Significant differences between the mean scale growth of males and females were
found in only two instances. The mean scale growth vectors for the first lacus-
trine annular zone were found to be significantly different (a = 0.05) in both the
1981 1.3 Chignik Lake standard and the 1979 2.2 Black Lake standard. In both
cases, the mean number of circuli in the first lacustrine annular zone was the
character responsible for the difference. No significant differences were found
between male and female mean scale growth in the second Tacustrine annular zone.
Because of the low rate of rejection of the hypothesis of identical scale growth,
7.7% (2/26) of the tests in the first lacustrine annular zone and 0.0% (0/17) of
the tests in the second lacustrine annular zone, it seems safe to conclude that
there were significant differences between the scale growth of males and females.
This allowed both sexes to be included in the standards necessary to separate the
Chignik stocks by their scale patterns with LDF analysis.

The hypothesis of equal covariance matrices for males and females was rejected in
only 5 of the 43 tests performed. For most of the tests performed the assumption of
equal covariance matrices was met. This indicates that the data was approximately
linear and the Hottelling 72 test was appropriate for testing the equality of

the mean scale character vectors.
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Table 4. Comparison of the age compositions for the first and second

readings of the scale samples.

Age
Reading 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
1978 Black Lake samples
1 Number 0 0 36 62 0 1,182 314 0 0 0 1,595
Percentage 0.0 0.0 2.2 3.9 0.0 74.1 19.7 0.0 0.1 0.0 0.0 100.0
2 Number 0 0 35 63 0 1,163 333 0 0 0 1,595
Percentage 0.0 0.0 2.2 3.9 0.0 72.9 20.9 0.0 0.1 0.0 0.0 100.0
1980 Black Lake samples
1 Number 2 0 250 36 0 509 556 0 0 13 1,367
Percentage 0.1 0.0 18.3 2.6 0.0 37.2 40.7 6.0 0.1 0.0 1.0 100.0
2 Nupmber 2 0 248 38 0 502 563 0 0 13 1,367
Percentage 0.1 0.0 18.1 2.8 0.0 36.7 41.2 0.0 0.1 0.0 1.0 100.0
1980 Chignik Lagoon samples (7/5-7/19)
1 Number 1 1 82 341 2 138 1,269 12 0 3 4 1,853
Percentage 0.1 0.1 4.4 18.4 0.1 7.4 68.5 0.6 0.0 0.2 0.2 100.0
2 Number i 1 88 334 3 143 1,264 12 0 3 4 1,853
Percentage 0.1 0.1 4.7 18.0 0.2 7.7 68.2 0.6 0.0 0.2 0.2 100.0




Table 5. Results of Hotelling's test for the equality of the mean scale growth
vectors of the first lacustrine annular zone for males and females.
The results of Box's test for the equality of variance-covariance
matrices are reported, also. (NS = not significant, SIGN = signifi-
cant o =< 0.05)

Sample size Box ‘s Hotelling’s Significant
Standard Age Males Females test test characters
1978 BL 2.2 44 11 NS NS
CL 2.2 39 50 NS NS
1979 BL 2.2 63 36 NS SIGN number circuli
CL 2.2 28 28 NS NS
1980 BL 2.2 19 17 NS NS
CL 2.2 59 81 NS NS
1981 CL 2.2 56 90 NS NS
1978 BL 1.3 104 96 NS NS
CL 1.3 12 15 NS NS
1979 BL 1.3 76 124 SIGN NS
1980 BL 1.3 58 142 NS NS
CL 1.3 9 16 NS NS
1981 BL 1.3 81 119 NS NS
CL 1.3 46 77 NS SIGN  number circuli
1982 BL 1.3 22 45 NS NS
CL 1.3 87 113 NS NS
1978 BL 2.3 105 94 NS NS
CL 2.3 76 90 SIGN NS
1979 BL 2.3 82 115 NS NS
CL 2.3 10 12 NS NS
1980 BL 2.3 66 134 NS NS
CL 2.3 79 121 NS NS
1981 BL 2.3 60 71 NS NS
CL 2.3 75 113 NS NS
1982 BL 2.3 49 37 NS NS
CL 2.3 83 112 NS NS
BL = Black Lake, CL = Chignik Lake
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Table 6. Results of Hotelling's test for the equality of the mean scale growth
vectors of the second lacustrine annular zone for males and females.
The results of Box's test for the equality of covariance matrices are
reported, also. (NS = not significant, SIGN = significant o < 0.05)

Sample size Box ‘s Hotelling’s Significant

Standard Age Males Females test test characters
1978 BL 2.2 44 11 NS NS
CL 2.2 54 73 NS NS
1979 BL 2.2 63 36 NS NS
CL 2.2 30 29 NS NS
1980 BL 2.2 19 17 NS NS
CL 2.2 63 86 NS NS
1981 CL 2.2 61 98 NS NS
1978 BL 2.3 104 93 NS NS
CL 2.3 87 112 NS NS
1979 BL 2.3 84 116 NS NS
CL 2.3 38 46 NS NS
1980 BL 2.3 66 134 SIGN NS
CL 2.3 79 121 NS NS
1981 BL 2.3 53 65 SIGN NS
CL 2.3 72 119 NS NS
1982 BL 2.3 58 44 SIGN NS
CL 2.3 87 113 NS NS

BL = Black Lake, CL = Chignik Lake
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Post-season Separation by Stock of the Chignik Sockeye Salmon Runs, 1978-1982

The results of the post-season stock separation analyses of the Chignik sockeye
salmon runs by scale patterns and linear discriminant function analysis are
summarized for each of the years 1978-1982 in the following section. The inter-
mediate results of the procedure for estimating the total number and age composi-
tion of each stock in the catch and escapement are presented. This includes
estimates of the total daily abundance throughout the run, the age composition
of scale samples collected in Chignik Lagoon, the discriminant functions deter-
mined for each of the major age classes in the run, and the stock composition
estimates for each age class for the samples of unknown composition collected

in Chignik Lagoon. Final estimates of the total number of each stock in the
catch and escapement and the age composition of each of these components are
given.

1978:

The total sockeye salmon run to Chignik in 1978 was 2,503,600 and was composed
of an escapement of 682,547 and total catch of 1,821,053 (Appendix Table 3a).
There were two periods of peak abundance in the 1978 sockeye salmon run, one
during the second week of June and one in the middle of July (Figure 8). The
peak daily abundance was on 19 July when the combined catch and escapement was
225,535 fish.

Scale samples were collected in Chignik Lagoon on 19 separate occasions from 9
June to 23 August (Appendix Table 3b). The sampling effort was evenly distributed
throughout the period of high daily abundance, from about 7 June to 27 July. Ages
were assigned to 2,259 (83.9%) of the 2,692 scales collected in Chignik Lagoon.
The remaining scales were omitted from the analysis because of regeneration of

the nuclear area or a poor impression in the acetate. The change in the relative
abundance of the major age classes present in Chignik Lagoon during 1978 is typi-
cal of the Chignik sockeye salmon run (Figure 9). The 1.3 age class was most
abundant in early June and declined rapidly after 17 June. During the period of
decline in abundance of the 1.3 age class there was a corresponding increase in
abundance of the 2.3 age class. There was a rapid increase in the relative abun-
dance of the 2.2 age class in late July and early August.

Scale samples necessary to construct the Black Lake standards for the LDF analyses
were collected at the outlet of Black Lake on 10 separate days during June and
early July (Appendix Table 3c). A total of 1,860 scales were collected, of which
1,595 (85.8%) could be aged. The 1.3 age class was the most abundant in the Black
Lake samples with approximately 70% of the scales collected assigned to it.

Black Lake and Chignik Lake standards were established for the 2.2, 1.3, and 2.3
age classes in the 1978 run. Classification accuracies of the linear discriminant
funtions for ages 2.2, 1.3, and 2.3 sockeye salmon were 92.4%, 76.5%, and 89.8%,
respectively (Table 7). The scale characters selected for each LDF for an age
class, and the mean and standard deviation for each character by stock, are pre-
sented in Table 8.

The 1.3 and 2.3 age classes were present in numbers sufficient for analysis of
their scale patterns for the scale samples collected in Chignik Lagoon during 1978.
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Table 7.

Classification matrices for age 2.2, 1.3, and 2.3 sockeye salmon in
the 1978 Chignik run.

Age 2.2

Classified stock

Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.909 0.062
Chignik Lake 0.091 0.938
Sample size 55 129

Mean classification = 0.924

Age 1.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.850 0.321
Chignik Lake 0.150 0.679
Sample size 200 28

Mean classification = 0.765

Age 2.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.875 0.080
Chignik Lake 0.125 0.920
Sample size 200 200

Mean classification = 0.898
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Table 8. Scale characters selected for the final discriminant functions used
to classify the 2.2, 1.3, and 2.3 age classes in the 1978 Chignik
sockeye salmon run. (C = circulus, FW = freshwater, AZ = annular

zone).

Age 2.2
Scale characters Black Lake Chignik Lake
selected X s X s
1. distance Cl (lst FW AZ) to end 89.3 17 .4 59.8 14.8

of lst FW AZ
2. width of 2nd FW AZ 114.0 17.5 103.8 16.2
3. total width of FW growth zone 263.2 24.86 210.7 23.8
Sample size 55 129

Equality of covariance matrices, significant o < 0.01

Age 1.3

Scale characters Black Lake Chignik Lake

selected X s X s

1. distance focus to C3, 1lst FW AZ 116.6 10.6 98.1 19.4

2. lst C widest pair in lst FW AZ 1.7 0.8 2.5 1.6

3. distance Cl to C4, lst FW AZ 78.3 10.5 62.7 14.9

Sample size 200 28

Equality of covariance matrices, significant o < 0.01

Age 2.3

Scale characters Black Lake Chignik Lake

selected X s X s

1. width of lst FW AZ 165.8 24.2 113.4 17.6

2. number of circuli in 2nd FW AZ 6.1 0.8 6.0 0.7

3. distance Cl (lst FW AZ) to end 107 .9 22.4 65.5 14.6
of 1lst FW AZ

4. average interval between circuli 26.1 3.2 22.2 2.4
in the lst FW AZ

Sample size 200 200

Equality of covariance matrices, significant o < 0.01
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After 30 June, the analysis of the 1.3 age class could not continue because of
insufficient sample sizes. The adjusted stock composition estimates and the
smoothed stock composition estimates, and their estimated variances, for the
Chignik Lagoon samples analyzed are presented for each age class in Tables 9
and 10. A comparison of the smoothed daily stock composition estimates for the
1.3 and 2.3 age classes and the TOE curve used by ADF&G to separate the run by
stock in 1978 is shown in Figure 10.

The total Black Lake run in 1978 was 1,526,604 sockeye salmon, with an escape-
ment of 458,660 and total catch of 1,067,944 (Table 11). The 1.3 and 2.3 age
classes were nearly equally abundant in the run accounting for 49.3% and 38.5%

of the total run, respectively. The total Chignik Lake run was 976,996. The
escapement to Chignik Lake spawning areas was 223,887 fish and there were 753,109
Chignik Lake fish taken in the commercial catch (Table 11). Approximately 70% of
the total Chignik Lake run was assigned to the 2.3 age class. The Black Lake
stock was most abundant during June, from about 1 July to 3 July both stocks were
equally abundant, and after this the Chignik Lake stock increased in abundance
(Figure 11, Appendix Tables 3d and 3e). This pattern of abundance by stock is
typical of the Chignik sockeye salmon run,

1979:

The total sockeye salmon run to Chignik in 1979 was 1,801,845. There were 737,816
salmon in the escapement and a total catch of 1,064,029 (Appendix Table 4a). The
early-arriving portion of the run was not abundant with only one day in June hav-
ing a total abundance greater than 50,000 (Figure 12). There was a much larger
peak in abundance during the second week of July when the total daily abundance
approached 100,000 on two separate days.

Scale samples were collected in Chignik Lagoon on 17 sample dates between 6 June
and 31 August (Appendix Table 4b). Only four samples were collected in the Lagoon
during June, which was less often than desired. Sampling was evenly distributed
throughout the period of high daily abundance in July. Of the 6,728 scales col-
Tected, 5,380 (80.0%) were sufficiently legible to age. Age 2.3 sockeye salmon
were the most abundant age group in every sample collected in Chignik Lagoon
(Figure 13). Two peaks in the relative abundance of the 2.2 age class were evi-
dent, one in Tate June and the other in Tate July.

Scale samples for the Black Lake standards were collected at Black Lake outlet on
five occasions between 19 June and 28 June (Appendix Table 4c¢). The small escape-
ment to Black Lake in 1979 required that all samples be collected during this
short period and not distributed over a longer period of time. A total of 1,568
scales were collected and ages were assigned to 1,397 {89.1%). The 2.3 age class
was more abundant than the 1.3 age class in all the samples collected, which is
very unusual for Black Lake samples. The 1.3 age class, which is usually the
most abundant age class in the Black Lake stock, only accounted for about 30% of
the Black Lake scales collected while the 2.3 age class accounted for more than
50%.

Standards for the Black Lake and Chignik Lake stocks were established for the 2.2,
1.3, and 2.3 age classes in the 1979 run. Classification accuracies for the
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Table 9. Stock composition estimates for the scale pattern analysis of the 1.3
age class in the 1978 sockeye salmon run to Chignik.

Sample Ad justed Estimated Smoothed Estimated
Date N Stock Estimate Variance Estimate Variance
6/ 9 100 Black Lake 1.019 .00668 1.000 00155
Chignik Lake -.019 .00668 0.000 .00155
6/12 73 Black Lake 1.102 .00730 1.000 .00248
Chignik Lake -.102 .00730 0.000 .00248
6/17 72 Black Lake 1.021 .00832 1.000 .00279
Chignik Lake -.021 .00832 0.000 .00279
6/20 62 Black Lake 1.009 .00947 1.000 .00311
Chignik Lake -.009 .00947 0.000 .00311
6/23 50 Black Lake 1.057 .01018 .949 .00515
Chignik Lake -.057 .01018 .051 .00515
6/27 26 Black Lake .847 .02668 949 .00667
Chignik Lake .153 .02668 .051 .00667
6/30 21 Black Lake 1.014 .02318
Chignik Lake -.014 .02318
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Table 10. Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1978 sockeye salmon run to Chignik.

Sample Ad justed Estimated Smoothed Estimated
Date N Stock Estimate Variance Estimate Variance
6/ 9 50 Black Lake .981 00464 <955 .00189
Chignik Lake .019 00464 045 .00189
6/12 23 Black Lake .884 .01239 +929 .00281
Chignik Lake .116 .01239 071 .00281
6/17 32 Black Lake 921 .00827 .935 .00270
Chignik Lake .079 .00827 .065 .00270
6/20 41 Black Lake 1.065 .00360 .879 .00237
Chignik Lake -.065 .00360 .121 .00237
6/23 40 Black Lake 717 00949 .787 .00215
Chignik Lake .283 .00949 .213 .00215
6/27 66 Black Lake +643 .00623 .685 .00263
Chignik Lake .357 .00623 «315 .00263
6/30 49 Black Lake «695 .00798 .550 .00229
Chignik Lake .305 .00798 .450 .00229
7/ 3 58 Black Lake 311 00637 469 .00206
Chignik Lake .689 .00637 .531 .00206
7/ 6 98 Black Lake 400 00422 .362 00172
Chignik Lake .600 .00422 .638 .00172
7/ 8 82 Black Lake .375 .00489 .361 .00149
Chignik Lake .625 .00489 .639 .00149
7/12 89 Black Lake .309 .00427 341 00154
Chignik Lake .691 00427 .659 .00154
7/19 83 Black Lake <339 .00469 «286 .00157
Chignik Lake .661 .00469 714 .00157
7/23 61 Black Lake .209 .00521 .183 .00110
Chignik Lake 791 .00521 .817 .00110
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Table 11

Summary of the escapement, commercial catch, and total return by age
salmon run estimated by

class and stock for the 1978 Chignik sockeye

analysis of scale patterns.

Age
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1. 2.4 Other Total
Black Lake
Escapement O 34 13,754 30,076 1,065 258,886 152,316 1,177 1,316 36 0 458,660
% 0.0V 0.0l 3.00 6.56 0.23 56 .44 33.21 0.25 0.29 0.01 0.00 100.00
Catch 0 299 36,959 90,953 3,523 493,830 434,703 5,575 1,874 228 0 1,067,944
b4 0.00 0.03 3.46 8.52 0.33 46 .24 40.70 0.52 0.18 0.02 0.00 100.00
Total 0 333 50,713 121,029 4,588 752,716 587,019 6,752 3,190 264 0 1,526,604
% 0.00 0.02 3.32 7.93 0.30 49,31 38.45 0.44 0.21 0.02 0.00 100.00
Chignik Lake
Escapement Q 705 4,056 40,739 7,514 10,214 156,737 3,012 35 875 0 223,887
Y4 0.00 0.31 1.81 18.20 3.306 4,56 70.01 1.34 0.02 0.39 0.00 100.00
Catch 0 1,948 14,453 125,334 22,028 44,241 532,876 10,317 59 1,853 0 753,109
% 0.00 0.26 1.92 16 .64 2.92 5.87 70.76 1.37 0.01 0.25 0.00 100.00
Total 0 2,653 18,509 166,073 29,542 54,455 689,613 13,329 94 2,728 0 976,996
% 0.00 0.27 1.90 17.00 3.02 5.57 70.59 1.36 0.01 0.28 0.00 100.00
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linear discriminant functions were 78.4%, 72.6%, and 93.5% for the 2.2, 1.3, and
2.3 age classes, respectively (Table 12). A summary of the scale characters
selected for each age-specific LDF is given in Table 13.

The 2.2, 1.3, and 2.3 age classes were present in numbers sufficient for analysis
of their scale patterns for the scale samples of unknown stock composition col-
lected in Chignik Lagoon during 1979. The 1.3 age class could not be analyzed
after 13 July because of insufficient sample sizes. Tables 14-16 summarize the
adjusted stock composition estimates and the smoothed stock composition estimates
for the 2.2, 1.3, and 2.3 age classes. A comparison of the smoothed daily stock
composition estimates for each age class and the average TOE curve used by ADF&G
in 1979 is shown in Figure 14.

The total Black Lake run in 1979 was 576,985, with 385,694 salmon escaping to
Black Lake spawning areas and 191,291 taken in the commercial catch (Table 17).
More than 50% of the Black Lake run belonged to the 2.3 age class, while age 1.3
and 2.2 salmon were nearly equally abundant. A total of 1,224,860 sockeye salmon
were assigned to the Chignik Lake stock. The escapement to Chignik Lake spawning
areas was 352,122 and there were 872,738 fish belonging to that stock taken in
the catch (Table 17). More than 70% of the Chignik Lake run was assigned to the
2.3 age class. The total daily return by stock is shown in Figure 15. The Black
Lake stock was more abundant during June and the Chignik Lake stock was the most
abundant stock during July. From about 1 July to 4 July the stocks were egually
abundant (Appendix Tables 4d and 4e).

1980:

The total sockeye salmon run to Chignik in 1980 was 1,524,476. There were 664,061
salmon in the escapement and a total catch of 860,415 (Appendix Table 5a). The
temporal distribution of the 1980 run was very similar to the 1979 run. A rela-
tively small peak in abundance in June was followed by a much larger peak in
abundance during the second week of July (Figure 16).

Scale samples were collected in Chignik Lagoon on 20 sample dates from 6 June to

27 August (Appendix Table 5b). The sampling effort was evenly distributed through-
out June and July. Ages were assigned to 3,937 (83.9%) of the 4,691 scales col-
lected in Chignik Lagoon. Similar to the 1979 run, also, was the relative abun-
dance of the major age classes present in Chignik Lagoon throughout the season.

Age 2.3 sockeye salmon were the most abundant age group in all samples collected
but one (Figure 17). Typically, the 1.3 age class declined in abundance through-
out late June and early July and there was a large increase in the abundance of
the 2.2 age class in the second week of July.

The small escapement to Black Lake limited the collection of scale samples at
Black Lake outlet to a brief period in late June and early July, much as it had
in 1979. Scale samples were collected on six days between 26 June and 3 July
(Appendix Table 5c). A total of 1,556 scales were collected for the Black Lake
standards of which 1,367 (87.9%) were legible. Atypically, the 1.3 and 2.3 age
classes were nearly equally abundant with 36.6% and 40.9% of the scales collected
assigned to those age classes, respectively.
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Table 12.

Classification matrices for age 2.2, 1.3, and 2.3 sockeye salmon in

the 1979 Chignik run.

Age 2.2

Classified stock

Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.737 0.170
Chignik Lake 0.263 0.830
Sample size 99 200

Mean classification = 0.784

Age 1.3

Classified stock

Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.680 0.229
Chignik Lake 0.320 0.771
Sample size 200 35

——

Mean classification = 0.726

Age 2.3

Classified stock

Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.925 0.055
Chignik Lake 0.075 0.945
Sample size 200 200

Mean classification = 0.935
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Table 13.

1

Scale characters selected for the final discriminant functions used

to classify the 2.2, 1.3, and 2.3 age classes in the 1979 Chignik

sockeye salmon run. (C =

zone)?t,

circulus, FW = freshwater, AZ =

annular

Age 2.2

Scale characters Black Lake Chignik Lake

selected X s X s

l. number of circuli in lst FW AZ 7.9 1.6 6.0 0.9

2. relative size, width of the widest 0.18 0.03 0.16 0.02
pair of circuli in the 2nd FW AZ

Sample size 99 200

Equality of covariance matrices, significant o < 0.01

Age 1.3

Scale characters Black Lake Chignik Lake

selected X s b'e s

l. total width of FW growth zone 220.6 30.5 195.2 26.8

2. distance Cl to C2, lst FW AZ 24,2 4.7 20.6 4.4

3. distance 3rd C before end of lst 49.3 7.7 46.1 6.8
FW AZ to end of lst FW AZ

Sample size 200 35

Equality of covariance matrices, not significant

Age 2.3

Scale characters Black Lake Chignik Lake

selected X s X s

1. width of lst FW AZ 150.9 19.7 96.9 17.2

2. relative size, distance Cl (2nd 0.85 0.05 0.81 0.05
FW AZ) to end of 2nd FW AZ

3. ratio, width lst FW AZ to width 0.54 0.06 0.45 0.07
total FW growth zone

Sample size 200 200

<

Equality of covariance matrices, significant o 0.01

A1l Tinear distances reported in 0.01's of inches at
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Table 14. Stock compositicn estimates for the scale pattern analysis of the
2.2 age class in the 1979 sockeye salmon run to Chignik.

Sample Ad justed Estimated Smoothed Estimated
Date N Stock Estimate Variance Estimate Variance
6/ 9 20 Black Lake 847 .03980
Chignik Lake .153 .03980
6/16 20 Black Lake .935 .03799 .868 01274
Chignik Lake .065 .03799 .132 01274
6/27 22 Black Lake .823 .03691 .766 .01268
Chignik Lake 177 .03691 234 .01268
7/ 3 21 Black Lake .540 .03919 .700 01130
Chignik Lake 460 .03919 .300 .01130
7/ 7 34 Black Lake .738 02562 674 .Q1068
' Chignik Lake .262 .02562 .326 .01068
7/ 8 27 Black Lake 745 03134 674 .00795
Chignik Lake <255 .03134 .326 .00795
7/13 63 Black Lake .540 .01456 .489 .00623
Chignik Lake .460 .01456 511 .00623
7/16 73 Black Lake .183 01014 324 .00375
Chignik Lake .817 01014 .676 .00375
7/18 90 Black Lake .249 .00902 .281 .00367
Chignik Lake .751 .00902 .719 .00367
7/20 62 Black Lake 411 .01386 .291 .00344
Chignik Lake .589 .01386 .709 .00344
7/22 100 Black Lake .212 .00804 .208 .00243
Chignik Lake .788 .00804 .792 .00243
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Table 15. Stock composition estimates for the scale pattern analysis of the
1.3 age class in the 1979 sockeye salmon run to Chignik.

Sample Ad justed Estimated Smoothed Estimated
Date N Stock Estimate Variance Estimate Variance
6/ 6 27 Black Lake .560 .05194 691 .00837
Chignik Lake 440 .05194 .309 .00837
6/ 9 76  Black Lake .513 .02335 .558 .01130
Chignik Lake .487 .02335 442 - .01130
6/16 60  Black Lake 601 .02637 .679 .01008
Chignik Lake .399 02637 .321 .01008
6/27 31 Black Lake .923 .04101 .508 .01502
Chignik Lake 077 .04101 492 .01502
7/ 3 19 Black Lake -.158 .06778 «536 .01786
Chignik Lake 1.158 .06778 464 .01786
7/ 7 26 Black Lake .686 .05195 404 .02315
Chignik Lake 314 .05195 .596 .02315
7/ 8 15 Black Lake .527 .08861 574 .02209
Chignik Lake 473 .08861 426 .02209
7/13 24 Black Lake .508 .05823
Chignik Lake .492 .05823
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Table 16. Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1979 sockeye salmon run to Chignik.

Sample ' Ad justed Estimated Smoothed Estimated
Date N Stock Estimate Variance Estimate Variance
6/ 6 33 Black Lake .808 .00766 917 .00109
Chignik Lake .192 .00766 .083 .00109
6/ 9 81  Black Lake 944 .00217 .886 .00148
Chignik Lake .056 .00217 .114 .00148
6/16 57 Black Lake .905 .00346 .862 .00133
Chignik Lake .095 .00346 .138 .00133
6/27 46 Black Lake .736 00635 .662 .00149
Chignik Lake <264 .00635 .338 .00149
7/ 3 90 Black Lake 345 .00357 462 00144
Chignik Lake .655 .00357 .538 .00144
7/ 7 100 Black Lake .305 .00308 .280 .00102
Chignik Lake .695 .00308 .720 .00102
7/ 8 100 Black Lake .190 .00251 .228 .00090
Chignik Lake .810 .00251 772 .00090
7/13 100 Black Lake .190 .00251 .167 .00079
Chignik Lake .810 .00251 .833 .00079
7/16 100 Black Lake 121 .00205 .148 .00074
Chignik Lake .879 .00205 .852 .00074
7/18 100 Black Lake .132 .00213 144 .00074
Chignik Lake .868 .00213 .856 .00074
7/20 100 Black Lake .178 00244 .155 .00076
Chignik Lake .822 .00244 845 .00076
7/22 100 Black Lake .155 .00229 .111 .00053
Chignik Lake .845 .00229 .889 .00053
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Table 17. Summary of the escapement, commercial catch, and total return by
age class and stock for the 1979 Chignik sockeye salmon run esti-
mated by analysis of scale patterns.

Age
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
Black Lake
Escapement 247 953 12,758 69,160 652 99,993 199,401 1,748 0 B2 0 385,694
A 0.06 0.25 3.31 17.93 0.17 25.93 51.70 0.45 0.00 0.20 0.00 100.00
Catch 259 824 6,686 45,245 735 20,297 116,470 748 0 27 0 191,291
4 0.14 0.43 3.50 23.65 0.38 10.61 60 .89 0.39 0.00 0.01 0.00 100.00
Total Su6 1,777 19,444 114,405 1,387 120,290 315,871 2,496 0 B0OY 0 576,985
% 0.09 0.31 3.37 19.83 0.24 20.85 S4.74 0.43 0.00 0.14 0.00 100.00
Chignik Lake
Escapement 342 1,143 7,653 43,481 965 67,543 229,469 1,276 Q 250 Q 352,122
% U.10 0.33 2.17 12.35 0.27 19.18 65.17 0.36 0.00 0.07 0.00 100.00
Catch 728 5,768 16,158 147,574 2,771 34,776 f62,043 2,311 0 9 0 872,738
% 0.08 0.66 1.85 16.91 0.32 3.98 75.93 0.27 0.00 Tl 0.00 100.00
Total 1,070 6,911 23,811 191,055 3,736 102,319 892,112 3,587 0 259 0 1,224,860
3 0.09 0.57 1.94 15.60 0,31 8.35 72.83 0.29 0.00 0.02 0.00 100.00

1 Trace < 0.005%.
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Black Lake and Chignik Lake standards were established for the 2.2, 1.3, and

2.3 age classes in the 1980 run. The classification accuracies of the linear
discriminant functions were 85.4% for the 2.2 age class, 74.8% for the 1.3 age
class, and 83.8% for the 2.3 age class (Table 18). The scale characters selected
for each age-specific LDF, and their mean and standard deviation for each stock,
are given in Table 19.

Scale samples of unknown stock composition are analyzed for the 2.2, 1.3, and

2.3 age classes in the 1980 run. The sample sizes of the 2.2 age class were not
large enough for analysis until July. Tables 20-22 summarize the adjusted stock
composition estimates and the smoothed stock composition estimates for each of

the analyzed age classes. The average TOE curve used by ADF&G in 1980 is compared
to the smoothed daily stock composition estimates for the 2.2, 1.3, and 2.3 age
classes in Figure 18.

In 1980, 466,092 sockeye salmon were assigned to the Black Lake stock. There
were 311,332 salmon allocated to the Black Lake escapement and 154,760 fish of
Black Lake origin were taken in the commercial catch (Table 23). Age 2.3 salmon
were the most abundant age group in the 1980 Black Lake run with more than 60%

of the run assigned to this age class. This is very unusual for the Black Lake
run which is typically dominated by age 1.3 salmon. The total Chignik Lake run
was 1,058,384. The escapement to Chignik Lake spawning areas was 352,729 fish
and there were 705,655 Chignik Lake spawners taken in the commercial catch (Table
23). Typical of the Chignik Lake stock, the 2.3 age class was the most abundant
age class in the run. Because of the poor Black Lake return in 1980, the Black
Lake stock was more abundant than the Chignik Lake stock in the daily returns
only during early June. From 17 June until 7 July the stocks were nearly equally
abundant (Figure 19, Appendix Tables 5d and 5e) and after 7 July the Chignik Lake
stock was more abundant.

1981:

A total of 2,942,342 sockeye salmon returned to Chignik in 1981. This was the
largest total run recorded since 1947. There was an escapement of 831,449 salmon
and a total commercial catch of 2,110,893 (Appendix Table 6a). Two discrete peaks
of abundance were evident in the 1981 run, one on 9 June and one on 10 July (Fig-
ure 20). The early-arriving and late-arriving portions of the Chignik run were
approximately equal in magnitude in 1981.

Scale samples for age and stock composition estimates were collected in Chignik
Lagoon on 20 separate days between 3 June and 27 August (Appendix Table 6b). The
sampling effort was evenly distributed throughout the period of high daily abun-
dance from 3 June to 12 July. Ages were assigned to 4,977 (85.4%) of the 5,829
sockeye salmon scales collected in Chignik Lagoon. The change in the relative
abundance of the major age classes present in Chignik Lagoon followed the pattern
typical of the Chignik run (Figure 21).

Scale samples to construct the Black Lake standards for the LDF analyses were
collected at the outlet of Black Lake on six sampling days in June (Appendix
Table 6¢c). Ages were assigned to 87.8% of the 1,233 scales collected. As is
expected for the Black Lake stock, age 1.3 fish were the dominant age group in
the Black Lake samples with approximately 75% of the scales assigned to that age
class.
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Table 18. C(lassification matrices for age 2.2, 1.3, and 2.3 sockeye salmon
in the 1980 Chignik run.

Age 2.2

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake

Black Lake 0.833 0.126

Chignik Lake 0.167 0.874

Sample size 36 151
Mean classification = 0.854

Age 1.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake

Black Lake 0.735 0.240

Chignik Lake 0.265 0.760

Sample size 200 25
Mean classification = 0.748

Age 2.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake

Black Lake 0.820 0.145

Chignik Lake 0.180 0.855

Sample size 200 200

Mean classification = 0.838
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Table 19. Scale characters selected for the final discriminant functions used
to classify the 2.2, 1.3, and 2.3 age classes in the 1980 Chignik
sockeye salmon run. (C = circulus, FW = freshwater, AZ = annular
zone).

Age 2.2

Scale characters Black Lake Chignik Lake

selected X s X S

1. total number of circuli in lst 14.4 1.9 11.6 1.2
and 2nd FW AZ

2. relative size, distance Cl-C3 lIst 0.25 0.05 0.32 0.05
FW AZ

3. relative size, width of the widest 0.14 0.03 0.18 0.03
pair of circuli in the lst FW AZ

Sample size 36 151

Equality of covariance matrices, significant o s 0.05

Age 1.3

Scale characters Black Lake Chignik Lake

selected X s X s

l. total number circuli in FW zone 10.1 1.4 8.8 1.5

2. width of 1lst FW AZ 210.9 31.1 210.5 39.1

3. distance focus to Cl, lst FW AZ 53.5 6.6 58.4 9.3

4. average interval between circuli 23.9 2.2 25.2 3.2
in the lst FW AZ

Sample size 200 25

Equality of covariance matrices, significant o < 0.05

Age 2.3
Scale characters Black Lake Chignik Lake
selected X s X s

1. total width of FW growth zone

331.9 28.0

287.7 31.1

2. total width of FW annular zone 320.8 28.3 285.1 31.2

3. relative size, distance focus to 0.70 0.10 0.84 0.10
C5 1st FW AZ

4, relative size, distance C2 to C5 0.30 0.05 0.36 0.05
1st FW AZ

Sample size 200 200

Equality of covariance matrices, significant o £ 0.01
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Table 20. Stock composition estimates for the scale pattern analysis of the 2.2
age class in the 1980 sockeye salmon run to Chignik.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
7/11 28 Black Lake .428 .01939
Chignik Lake .572 .01939
7/13 46 Black Lake 345 01168 .337 .00450
Chignik Lake .655 01168 .663 .00450
7/15 51 Black Lake .238 .00943 .283 .00338
Chignik Lake 762 .00943 .717 .00338
7/17 54 Black Lake .267 .00933 .308 .00289
Chignik Lake .733 .00933 692 .00289
7/19 90 Black Lake 419 .00727 .331 .00251
Chignik Lake .581 .00727 .669 .00251
7/21 99 Black Lake .308 .00599 «347 .00215
Chignik Lake 692 . »00599 .653 .00215
7/23 98 Black Lake .313 .00607 .207 00134
Chignik Lake .687 .00607 .793 .00134
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Table 21. Stock composition estimates for the scale pattern analysis of the
1.3 age class in the 1980 sockeye salmon run to Chignik.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 6 26 Black Lake .292 .05241 .586 .00908
Chignik Lake .708 .05241 Al .00908
6/ 8 51 Black Lake 466 .02930 .420 .01278
Chignik Lake .534 .02930 .580 .01278
6/11 41 Black Lake 2501 .03329 .559 .00969
Chignik Lake .499 .03329 L4641 .00969
6/13 49 Black Lake 711 02462 .508 .01133
Chignik Lake .289 .02462 .492 .01133
6/17 33 Black Lake .311 .04405 .542 .01048
Chignik Lake .689 «04405 .458 .01048
6/23 52 Black Lake 603 02564 .305 01543
Chignik Lake .397 .02564 .695 .01543
7/ 1 19 Black Lake -.060 .06914 .533 .01688
Chignik Lake 1.060 .06914 467 .01688
7/°5 15 Black Lake .997 .05716 470 02147
Chignik Lake .003 .05716 .530 .02147
7/10 18 Black Lake 413 .06692 477 .02228
Chignik Lake .587 .06692 523 .02228
7/11 16 Black Lake .020 07641 .144 .02370
Chignik Lake .980 07641 .856 .02370
7/13 18 Black Lake -.260 .06996 .007 .02376
Chignik Lake 1.260 - 06996 .993 .02376
7/15 20 Black Lake -.081 06746 .038 .02138
Chignik Lake 1.081 .06746 .962 .02138
7/17 27 Black Lake 114 .05496 .038 .02170
Chignik Lake .886 .05496 962 .02170
7/19 17 Black Lake -.128 .07286 .038 .02207
Chignik Lake 1.128 .07286 .962 .02207
7/21 18 Black Lake ~.148 .07083 .063 .02236
Chignik Lake 1.148 .07083 .937 .02236
7/23 24 Black Lake .189 .05754 .063 01426
Chignik Lake .811 05754 .937 01426
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Table 22. Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1980 sockeye salmon run to Chignik.

§§Eple N Stack Ad justed T Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 6 23 Black Lake .558 .02458 766 .00408
Chignik Lake 442 .02458 .234 .00408
6/ 8 45 Black Lake 740 01215 .694 .00544
Chignik Lake .260 .01215 .306 .00544
6/11 43 Black Lake 784 .01227 +733 .00398
Chignik Lake 216 01227 267 .00398
6/13 50 Black Lake 674 01142 751 .00395
Chignik Lake .326 01142 .249 .00395
6/17 44 Black Lake .795 .01190 .751 .00380
Chignik Lake .205 .01190 249 .00380
6/23 49 Black Lake .783 .01091 .705 .00362
Chignik Lake 217 .01091 +295 .00362
7/ 1 61 Black Lake .538 .00975 .578 .00319
Chignik Lake 462 .00975 .422 .00319
7/ 5 73 Black Lake Al4 .00809 468 .00267
Chignik Lake .586 .00809 532 00267
7/10 100 Black Lake 452 .00617 2405 .00225
Chignik Lake 548 .00617 .595 .00225
7/11 100 Black Lake .348 .00595 314 .00191
Chignik Lake 652 .00595 .686 .00191
7/13 100 Black Lake 141 .00504 .225 .00181
Chignik Lake .859 .00504 775 .00181
7/15 100 Black Lake .185 .00528 L1111 .00161
Chignik Lake .815 . .00528 .889 00161
7/17 100 Black Lake .007 00414 .064 00144
Chignik Lake .993 00414 .936 .00144
7/19 100 Black Lake -.067 .00353 .015 .00134
Chignik Lake 1.067 .00353 .985 .00134
7/21 100 Black Lake .037 00436 .030 .00137
Chignik Lake .963 .00436 .970 .00137
7/23 100 Black Lake .052 00447 .030 .00098
Chignik Lake .948 .00447 .970 .00098
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is shown for comparison.
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Table 23. Summary of the escapement, commercial catch, and total return by age class and stock for the 1980

Chignik sockeye salmon run estimated by analysis of scale patterns.

Age
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
Black Lake
Escapement 67 7 35,822 17,289 152 60,891 194,137 748 112 178 1,929 311,332
A 0.02 T 11.51 5.55 0.05 19.56 62.36 0.24 0.03 0.06 0.62 100.00
Catch 32 78 6,811 36,320 381 8,479 100,911 1,004 0 316 428 154,760
% 0.02 0.05 4.40 23.47 0.25 5.48 65.20 0.65 0.00 0.20 0.28 100.00
Total 99 85 42,633 53,609 533 69,370 295,048 1,752 112 494 2,357 466,092
% 0.02 0.02 9.15 11.50 0.11 14 .88 63.30 0.38 0.02 0.11 0.5t 100.00
Chignik Lake
Escapement 51 120 31,481 39,744 418 72,600 205,225 1,199 51 322 1,518 352,729
% 0.0l 0.03 8.93 11.27 0.12 20.58 58.18 0.34 0.02 0.09 0.43 100.00
Catch 201 687 27,810 145,758 1,619 51,109 472,797 3,560 0 927 1,187 705,655
% 0.03 0.10 3.94 20.66 0.23 7.24 67.00 0.50 0.00 0.13 0.17 100.00
Total 252 807 59,291 185,502 2,037 123,709 678,022 4,759 51 1,249 2,705 1,058,384
% 0.02 0.08 5.60 17.53 0.19 11.69 64 .06 0.45 Tl 0.12 0.26 100.00

1 Trace < 0.005%



_69 -

160.0
140.0
120.0
100.0

80.0

60.0

NUMBER OF FISH (THOUSANDS)

40.0

20.0

1

v

N \
\ -~
(IR N ~\ s’ .
Ny ~7 \ 7 -3

!
-
I i I i hew | PR b]

Figure 19.

5/26 6/5 6715 6/25 5 /15 /25 8/4 8/14 8/24 9/3
DATE

Total daily abundance of the Black Lake (——) and Chignik Lake (---) stocks in the 1980 Chignik
sockeye salmon run.



160.0r

140.0F

120.0¢
100.0¢
80.0F
60.0F
40.0

(SONUSNOHL) HSId4 40 Y38WNN

-70-

20.0F

8/4 8/14 8/24 9/3

/25

/15
DRTE

6/5 6/15 6/25 /5

S/26

) and total daily abundance (---), adjusted to Chignik Lagoon date, for the

1981 Chignik sockeye salmon run.

Daily escapement (

Figure 20.



_LL_

100.

PERCENTAGE OF SAMPLE

Figure 21.

6/5 6/15 6/25 7/5 /15 /25 8/4 8/14 8/24
DATE

Age composition of scale samples collected in Chignik Lagoon during the 1981 sockeye salmon run,
by sample date. Minor age groups are not shown.



Standards for the Black Lake stock could be established only for the 1.3 and
2.3 age classes in 1981. For Chignik Lake, standards were constructed for the
2.2, 1.3, and 2.3 age classes. Classification accuracies of the LDFs for the
1.3 and 2.3 age classes were 74.9% and 79.6%, respectively (Table 24). The
scale characters selected for each age-specific LDF, and the mean and standard
deviation of each character by stock, are presented in Table 25.

The stock composition estimates for the 1.3 and 2.3 age classes for the scale
samples of unknown stock composition collected in Chignik Lagoon in 1981 are
summarized in Tables 26 and 27. The shifted TOE curve used by ADF&G to separate
the stocks in 1981 is compared to the smoothed daily stock composition estimates
for the 1.3 and 2.3 age classes in Figure 22.

The total Black Lake run in 1981 was 1,157,519 sockeye salmon, with an escapement
of 438,540 and total catch of 718,979 (Table 28). The 1.3 and 2.3 age classes
were the most abundant in the Black Lake stock, composing 54.9% and 36.7% of the
total run, respectively. A total of 1,784,823 salmon were assigned to the Chig-
nik Lake stock. The escapement to Chignik Lake spawning areas was 392,909 salmon
and there were 1,391,914 fish of Chignik Lake origin taken in the commercial catch
(Table 28). Atypical of the Chignik Lake stock was the nearly equal abundance of
1.3 and 2.3 age classes which accounted for about 90% of the total Chignik Lake
run. The daily abundance by stock in 1981 was somewhat unusual for the Chignik
sockeye salmon run because there was a great degree of overlap between the two
stocks (Figure 23, Appendix Tables 6d and 6e).

1982:

The total sockeye salmon run to Chignik in 1982 was 2,514,582. There was 837,718
salmon in the escapement and a total catch of 1,676,864 (Appendix Table 7a). The
early arriving portion of the run was very abundant from 13 June to 30 June and
had a peak daily abundance of 337,305 on 18 June (Figure 24). The return of the
late arriving portion of the run was very poor in 1982. After 7 July, the total
daily return never exceeded 32,000 salmon.

Scale samples for age and stock composition estimates were collected in Chignik
Lagoon on 15 separate occasions from 7 June to 23 August (Appendix Table 7b).
The sampling effort was evenly distributed throughout June and July when the
majority of the run returned. Of the 4,341 sockeye salmon scales collected,
3,550 (81.8%) were legible for aging. The change in the relative abundance of
the major age classes present in Chignik Lagoon followed the pattern typical of
the Chignik run (Figure 25).

Scale samples were collected at Black Lake outlet on four days during late June
and July and early July (Appendix Table 7c). Ages were assigned to 83.4% of the
1,172 scales collected. The 1.3 age class dominated the Black Lake samples as
more than 75% of each sample was assigned to it.

Only the 1.3 and 2.3 age classes were abundant enough in the Black Lake samples

to establish standards. The classification accuracy of each age-specific LDF was
75.8% for the 1.3 age class and 82.6% for the 2.3 age class (Table 29). A summary
of the scale characters selected for each age-specific LDF is given in Table 30.
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Table 24. Classification matrices for age 1.3 and 2.3 sockeye salmon in the
1981 Chignik run.

Age 1.3

Classified stock Actual stock of origin )

of origin Black Lake Chignik Lake

Black Lake 0.760 0.262

Chignik Lake 0.240 0.738

Sample size 200 126
Mean classification = 0.749

Age 2.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake

Black Lake 0.786 0.195

Chignik Lake 0.214 0.805

Sample size 140 200

Mean classification = 0.796
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Table 25. Scale characters selected for the final discriminant functions used
to classify the 1.3 and 2.3 age classes in the 1981 Chignik sockeye
salmon run. (C = circulus, FW = freshwater, AZ = annular zone)®.

Age 1.3
Scale characters Black Lake Chignik Lake
selected X s X s

1. distance focus to C4, lst FW AZ 130.1 15.2 114.5 14.2

2. ratio, width lst FW AZ to width 0.89 0.07 0.82 0.13
total FW growth zone

3. relative size, distance 3rd C before 0.23 0.05 0.29 0.08
end of lst FW AZ to end of lst FW AZ

4. number of circuli in lst FW AZ 8.4 1.4 7.5 1.9

5. relative size, distance Cl to C&4 0.35 0.05 0.37 0.07
lst FW AZ

6. distance C2 to C4, lst FW AZ 46.7 8.5 39,7 7.5

7. average interval between circuli 24.6 2.5 23.2 2.5
in the lst FW AZ

Sample size 200 126

Equality of covariance matrices, significant o < 0.01

Age 2.3

Scale characters Black Lake Chignik Lake

selected X s X s

1. ratio, total FW annular growth to 0.99 0.04 0.95 0.04
total FW growth zone

2. distance end of lst FW AZ to C2 36.0 6.3 41.1 5.9
2nd FW AZ

3. distance focus to Cl, lst FW AZ 57.7 7.4 54,7 5.5

4. relative size, distance C2 to Cé& 0.25 0.04 0.27 0.03
1st FW AZ

Sample size 140 200

Equality of covariance matrices, significant o < 0.01

1 A11 Tinear distances reported in 0.01's of inches at 210X.
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Table 26. Stock composition estimates for the scale pattern analysis of the
1.3 age class in the 1981 sockeye salmon run to Chignik.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 3 100 Black Lake .799 .01165 .806 .00265
Chignik Lake .201 .01165 .194 .00265
6/ 8 100 Black Lake .618 01219 .625 .00406
Chignik Lake .382 .01219 .375 .00406
6/11 100 Black Lake 458 01267 A .00423
Chignik Lake «542 .01267 556 .00423
6/15 100 Black Lake 257 .01325 .378 .00430
Chignik Lake . 743 .01325 .622 .00430
6/17 100 Black Lake 418 .01278 431 .00425
Chignik Lake .582 .01278 .569 00425
6/19 100 Black Lake .618 .01219 Sl 00417
Chignik Lake .382 .01219 .489 00417
6/22 100 Black Lake .498 01255 478 .00420
Chignik Lake .502 .01255 522 .00420
6/24 100 Black Lake 317 .01308 .384 .00429
Chignik Lake .683 .01308 616 .00429
6/28 100 Black Lake .337 .01302 .250 .00461
Chignik Lake .663 .01302 .750 00461
7/ 1 84 Black Lake .095 .01536 .178 .00468
Chignik Lake .905 01536 .822 .00468
7/ 3 99 Black Lake .103 .01378 .131 .00531
Chignik Lake .897 .Q1378 .869 .00531
7/ 6 64 Black Lake .196 .01865 .192 .00668
Chignik Lake .804 .01865 .308 .00668
7/ 9 40 Black Lake 277 .02771 .182 00774
Chignik Lake .723 02771 .818 .00774
7712 47 Black Lake .072 .02329 .257 .00907
Chignik Lake .928 .02329 743 .00907
7/21 36 Black Lake 422 .03064 .165 .00599
Chignik Lake .578 .03064 .835 .00599
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Table 27. Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1981 sockeye salmon run to Chignik.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 3 18 Black Lake 1.080 .02612 .839 00612
Chignik Lake -.080 .02612 .161 .00612
6/ 8 26 Black Lake .516 .02897 .669 .00855
Chignik Lake 484 .02897 .331 .00855
6/11 35 Black Lake 492 .02185 661 .00761
Chignik Lake .508 .02185 .339 .00761
6/15 35 Black Lake .975 01770 773 .00624
Chignik Lake .025 .01770 .227 .00624
6/17 43 Black Lake .851 .01658 .775 .00553
Chignik Lake .149 .01658 .225 .00553
6/19 51 Black Lake .499 .01545 .588 .00528
Chignik Lake .501 .01545 JAl2 .00528
6/22 50 Black Lake 2415 01547 .517 .00464
Chignik Lake .585 01547 .483 .00464
6/24 77 Black Lake .637 .01080 602 .00388
Chignik Lake .363 .01080 .398 .00388
6/28 100 Black Lake .753 .00868 .613 .00311
Chignik Lake 247 .00868 .387 .00311
7/ 1 100 Black Lake 448 .00849 .589 .00287
Chignik Lake .552 .00849 W41l .00287
7/ 3 100 Black Lake 567 .00866 482 .00284
Chignik Lake .433 .00866 .518 00284
7/ 6 100 Black Lake 431 .00845 465 .00283
Chignik Lake .569 .00845 .535 .00283
7/ 9 100 Black Lake .398 .00838 .381 .00277
Chignik Lake .602 .00838 .619 .00277
7/12 100 Black Lake 313 .00814 .251 .00261
Chignik Lake .687 .00814 L749 .00261
7/21 100 Black Lake 042 .00698 .118 .00168
Chignik Lake .958 .00698 .882 .00168
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Daily stock composition during the period of transition for the
age-specific stock composition estimates smoothed by a moving
average of three sample dates. The average TOE curve (shifted
ten days earlier) used by ADF&G to separate the 1981 Chignik
sockeye salmon run by stock is shown for comparison.
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Table 28. Summary of the escapement, commercial catch, and total return by age class and
Chignik sockeye salmon run estimated by analysis of scale patterns.

stock for the 1981

Age
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
Black Lake
Escapement 8 24 21,765 5,198 161 309,271 96,917 358 310 32 4,496 438,540
% 1 0.0 4.96 1.19 0.04 70.52 22.10 0.08 0.07 0.01 1.02 100.00
Catch 215 346 34,492 18,374 843 326,730 328,005 2,233 650 397 6,694 718,979
% 0.03 0.05 4.80 2.56 0.12 45 .44 45.62 0.31 0.09 0.05 0.93 100.00
Total 223 370 56,257 23,572 1,004 636,001 424,922 2,591 960 429 11,190 1,157,519
% 0.02 0.03 4 .86 2.04 0.09 54.94 36.71 0.22 0.08 0.04 0.97 100.00
Chignik Lake
Escapement 96 467 14,322 17,645 516 230,238 125,605 1,087 315 278 2,340 392,909
% 0.02 0.12 3.64 4.49 0.13 58.60 31.97 0.28 0.08 0.07 0.60 100.00
Catch 320 3,451 37,714 75,354 3,006 534,515 721,755 8,043 586 2,005 5,160 1,391,914
A3 0.02 0.25 2.71 5.41 0.22 38.40 51.85 0.58 0.04 0.15 0.37 100.00
Total 416 3,918 52,041 92,999 3,522 764,753 847,360 9,130 901 2,283 7,500 1,784,823
% 0.02 0.22 2.91 5.21 0.20 42 .85 47 .48 0.51 0.05 0.13 0.42 100.00

1 Trace < 0.005%
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Table 29. (lassification matrices for age 1.3 and 2.3 sockeye salmon in the
1982 Chignik run.

Age 1.3 T

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake

Black Lake 0.770 0.254

Chignik Lake 0.230 0.746

Sample size 200 67
Mean classification = 0.758

Age 2.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake

Black Lake . 0.777 0.125

Chignik Lake 0.223 0.875

Sample size 103 200

Mean classification = 0.826
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Table 30. Scale characters selected for the final discriminant fgnc@ions used
to classify the 1.3 and 2.4 age classes in the 1982 Chignik sockeye
salmon run. (C = circulus, FW = freshwater, AZ = annual zone)!.

Age 1.3

Scale characters Black Lake Chignik Lake

selected X s X ]

1. total number of FW circuli 9.9 1.0 8.5 1.4

2. distance focus to Cl, lst FW AZ 57.3 7.3 52.1 8.1

3. ratio, width lst FW AZ to total 0.90 0.08 0.96 0.07
width FW growth zone

4. distance C2 to C5, lst FW AZ 66.4 9.7 61.5 9.8

Sample size 200 67

Equality of covariance matrices, significant o < 0.05

Age 2.3

Scale characters Black Lake Chignik Lake

selected X s X s

1. distance focus to Cl, lst FW AZ 56.6 7.1 52.9 5.7

2, distance Cl to C3, 2nd FW AZ 38.4 7.0 46 .4 5.9

3. relative size, width of the widest 0.20 0.03 0.18 0.02
pair of circuli in the 2nd FW AZ

Sample size ' 103 200

Equality of covariance matrices, significant o £ 0.01

1 A11 Tinear distances reported in 0.01's of inches at 210X.
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The results of the LDF analyses of the 1.3 and 2.3 age classes for the samples

of unknown stock composition are given in Tables 31 and 32. The age-specific
stock composition estimates for the 1.3 and 2.3 age classes are shown in relation
to the shifted TOE curve used by ADF&G in 1982 in Figure 26.

The total Black Lake run in 1982 was 1,867,322 salmon. The escapement to Black
Lake spawning areas was 616,117 salmon and there were 1,251,205 fish of Black

Lake origin taken in the commercial catch (Table 33). About 87% of the 1982

Black Lake run were age 1.3 salmon. Only 647,260 sockeye salmon of Chignik Lake
origin returned in 1982. The escapement to Chignik Lake spawning areas was 221,601
and 425,659 fish belonging to the Chignik Lake stock were taken in the commercial
catch (Table 33). The distribution of the daily abundance of each stock during
the 1982 returns is shown in Figure 27 (Appendix Tables 7d and 7e).

Summary of the Post-season Analyses

A great diversity in the character of the five runs analyzed for this report is
evident. The contribution of each stock to the total run: was approximately equal
in 1978 and 1981; was dominated by the Chignik Lake stock in 1979 and 1980; and by
the Black Lake stock in 1982. There was a difference of about one million fish
between the smallest and largest runs observed for each stock during the years
1978-1982 (Tables 34 and 35). The relative abundance of the major age classes
also varied considerably from year to year for both stocks. Although the major-
ity of the Black Lake stock usually spent one year in freshwater and the majority
of the Chignik Lake stock two years, there were important exceptions in some years.
It is difficult to define generalities concerning the Chignik sockeye salmon runs
during this period because of the unique influence of each stock on the total run.
The return of a majority of the Black Lake stock in June and a majority of the
Chignik Lake stock in July was consistent in all years. The degree of overiap

in the run of the two stocks, however, was very different from year to year.

In-season Separation by Stock of the Chignik Sockeye Salmon Runs, 1979-1982

The in-season stock separation analyses could only be conducted after satisfactory
standards representing the Chignik Lake stock were established. For each age
class to be analyzed, a Chignik Lake standard with scale patterns similar to

those in the actual return was needed. Two possibilities were examined for the
representative standards: (1) using the previous year's 2.2 Chignik Lake standard
to represent the 2.3 standard in the year of analysis; and (2) using a standard
formed by pooling the Chignik Lake standards for either the 1.3 or 2.3 age classes
from several years. The hypothesis of either of these approaches is that the
difference between the scale growth characters of the representative Chignik Lake
standard and the actual standard used in the post-season analysis, is signifi-
cantly less than the difference between the Chignik Lake and Black Lake standards
in the year of analysis. To evaluate each method of forming a representative
standard, the mean scale growth characters for the representative standards and
actual standards were compared.

Comparison of the 2.3 Chignik Lake Standards to the Previous Year's 2.2 Chignik
Lake Standards

The mean scale growth characters for each set of 2.2-2.3 Chignik Lake standards
were tested for equality by the Hotelling 72 statistic. In each lacustrine
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Table 31. Stock composition estimates for the scale pattern analysis of the 1.3
age class in the 1982 sockeye salmon run to Chignik.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 7 100 Black Lake 1.078 00971 1.000 .00213
Chignik Lake -.078 .00971 0.000 .00213
6/11 100 Black Lake 1.155 .00948 1.000 .00320
Chignik Lake -.155 00948 0.000 .00320
6/16 100 Black Lake 1.097 00964 1.000 .00317
Chignik Lake ~.097 00964 0.000 .00317
6/20 100 Black Lake 1.194 .00939 1.000 .00315
Chignik Lake ~-.194 .00939 0.000 .00315
6/24 100 Black Lake 1.233 .00930 1.000 .00313
Chignik Lake -.233 .00930 0.000 .00313
6/28 100 Black Lake 1.155 .00948 .985 .00322
Chignik Lake -.155 .00948 015 .00322
6/30 99 Black Lake 956 .01022 .901 .00346
Chignik Lake 044 .01022 .099 .00346
7/ 3 97 Black Lake 746 01147 .797 .00369
Chignik Lake .254 01147 .203 .00369
7/ 7 100 Black Lake .690 01154 <586 .00415
Chignik Lake .310 01154 414 .00415
7/10 100 Black Lake .322 .01438 .355 .00526
Chignik Lake .678 .01438 .645 .00526
7/14 64 Black Lake .053 .02140 .125 .00682
Chignik Lake . 947 .02140 .875 .00682
7/20 47 Black Lake -.245 .02556 .018 .00522
Chignik Lake 1,245 .02556 .982 .00522
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Table 32. Stock composition estimates for the scale pattern analysis of the 2.3
age class in the 1982 sockeye salmon run to Chignik.

Sample Ad justed Estimated Smoothed Estimated
Date N Stock Estimate Variance Estimate Variance
6/11 16 Black Lake 1.150 .02135
Chignik Lake -.150 .02135
6/16 15 Black Lake .831 .03762 817 .01057
Chignik Lake .169 .03762 .183 .01057
6/20 17 Black Lake .620 .03618 .795 .01199
Chignik Lake .380 .03618 .205 .01199
6/24 15 Black Lake .933 .03412 .786 .01107
Chignik Lake 067 03412 214 .01107
6/28 20 Black Lake .805 .02937 .781 .00985
Chignik Lake +195 .02937 .219 .00985
6/30 25 Black Lake .606 .02514 637 .00829
Chignik Lake .394 .02514 .363 .00829
7/ 3 31 Black Lake .501 .02011 454 .00612
Chignik Lake <499 .02011 +546 00612
7/ 7 55  Black Lake .254 .00979 .278 .00393
Chignik Lake 746 .00979 722 .00393
7/10 79 Black Lake .080 .00546 .139 .00220
Chignik Lake .920 .00546 .861 .00220
7/14 100 Black Lake .084 .00458 .057 00155
Chignik Lake .916 .00458 .943 .00155
7/20 100  Black Lake .008 .00393 .031 .00095
Chignik Lake .992 .00393 .969 .00095
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Figure 26. Daily stock composition during the period of transition for the
age-specific stock composition estimates smoothed by a moving
average of three sample dates. The average TOE curve (shifted
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Table 33. Summary of the escapement, commercial catch, and total return by age class and stock for the
1982 Chignik sockeye salmon run estimated by analysis of scale patterns.

Age
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
Black Lake
Escapement 170 313 11,784 4,049 0 537,548 44,601 27 388 82 17,155 616,117
% 0.03 0.05 1.91 0.66 0.00 87.25 7.24 0.01 0.06 0.01 2.78 100.00
Catch 1,024 2,631 41,242 8,169 0 1,086,147 85,299 6 397 299 25,991 1,251,205
% 0.08 0.21 3.30 0.65 0.00 86.81 6.82 Tl 0.03 0.02 2.08 100.00
Total 1,194 2,944 53,026 12,218 01,623,695 129,900 33 785 381 43,146 1,867,322
% 0.06 0.16 2.84 0.65 0.00 86.95 6.96 Tl 0.04 0.02 2.31 99.99
Chignik Lake
Escapement 303 1,978 4,350 17,325 0 53,006 139,994 1,122 622 1,726 1,185 221,601
% 0.14 0.89 1.96 7.82 0.00 23.92 63.17 0.50 0.28 0.78 0.54 100.00
Catch 1,434 3,007 9,996 34,036 0 80,109 287,723 886 1,505 3,796 3,167 425,659
% 0.34 0.71 2.35 8.00 0.00 18.82 67.59 0.21 0.35 0.89 0.74 100.00
Total 1,737 4,985 14,346 51,361 0 133,115 427,717 1,998 2,127 5,522 4,352 647,260
% 0.27 0.77 2.22 7.93 0.00 20.57 66.08 0.31 0.33 0.85 0.67 100.00

L' Trace < 0.005%
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Table 34. Total return by age class for the Black Lake stock, 1 -1 i
analysis method. , 1978-1982, estimated by the scale pattern

Age
Year 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
1978 0 333 50,713 121,029 4,588 752,716 587,019 6,752 3,190 264 0 1,526,604
A 0.00 0.02 3.32 7.93 0.30 49,31 38.45 0.44 0.21 0.02 0.00 100.00
1979 506 1,777 19,444 114,405 1,387 120,290 315,871 2,496 n 809 0 576,985
i 4.09 0.31 3.37 19.83 0.24 20.85 54 .74 0.43 0.00 0.14 0.00 100.00
1980 99 85 42,633 53,609 533 69,370 295,048 1,752 112 494 2,357 466,092
KA 0.02 0.02 9.15 11.50 0.1} 14 .88 63.30 0.38 0.02 0.11 0.51 100,00
1981 223 370 56,257 23,572 1,004 636,001 424,922 2,591 960 429 11,190 1,157,519
% 0.02 0.03 4,86 2 .04 0.09 54 .94 36.71 0.22 0.08 0.04 0.97 100.00
1982 1,194 2,944 53,026 12,218 0 1,623,695 129,900 33 785 381 43,146 1,867,322
% 0.06 0.16 2.84 0.65 0.00 86.95 6.96 ! 0.04 0.02 2.31 99,99

' Trace < 0.005%
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Table 35. Total return by age class for the Chignik Lake stock, 1978-1982, estimated by the scale pattern
analysis method.

Age
Year 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
1978 0 2,653 18,509 166,073 29,542 564,455 689,613 13,329 94 2,728 0 976,996
% 0.00 0.27 1.90 17.00 3.02 5.57 70.59 1.36 0.01 0.28 0.00 100.00
1979 1,070 6,911 23,811 191,055 3,736 102,319 892,112 3,587 0 259 0 1,224,860
i 0.09 0.57 1.94 15.60 0.31 8.35 72.83 0.29 0.00 0.02 0.00 100.00
1980 252 807 59,291 185,502 2,037 123,709 678,022 4,759 51 1,249 2,705 1,058,384
Z 0.02 0,08 5.60 17.53 0.19 11.69 64 .06 0.45 Tl 0.12 0.26 100.00
1981 416 3,918 52,041 92,999 3,522 764,753 847,360 9,130 90t 2,283 7,500 1,784,823
% 0.02 0,22 2.91 5.21 0.20 42 .85 47 .48 0.51 0.05 0.13 0.42 100,00
1982 1,737 4,985 14,346 51,361 0 133,115 427,717 1,998 2,127 5,522 4,352 647,260
% 0.27 0.77 2.22 7.93 0.00 20.57 66.08 0.31 0.33 0.85 0.67 100.00

Y Trace < 0.005%



annular zone the set of mean scale growth characters test in previous Hotelling
72 analyses were compared. Significant differences between the standards were
found in three of the four tests of the first lacustrine annular zone and in two
of the tests of the second lacustrine annular zone (Table 36). Roy-Bose simul-
taneous 95.0% confidence intervals indicated that, with one exception, there was
a significant difference in the mean number of circuli in the annular zone for
the 2.2 and 2.3 Chignik Lake standards which were different. In two of the tests
the mean width of the annular zone was significantly different, also. In only
one test was a significant difference found in the mean scale growth within a
lacustrine annular zone.

Although there were often significant differences betweenthe 2.3 Chignik Lake
standards and their representative 2.2 standards for the characters reflecting
the total scale growth of an annular zone, the growth within the annular zones,
specifically the mean distance to each of the first five circuli in each annular
zone, was usually not significantly different. For each set of 2.2-2.3 Chignik
Lake standards, the mean scale growth to each of the first six circuli in each
lacustrine annular zone is shown, and compared to the mean growth for the corres-
ponding 2.3 Black Lake standard, in Figures 28a-d. The mean scale growth within
each lacustrine annular zone was usually very similar for each of the Chignik
Lake 2.2-2.3 comparisons.

Evaluation of a Year's Pooled Standard

A year's pooled Chignik Lake standard could be established for both the 1.3 and
2.3 age classes. The hypothesis of identical mean scale growth during the years
1978-1982 was tested by multivariate analysis of variance. The MANOVA comparing
the mean scale character vectors of the 1.3 age class for the Chignik Lake stock
in the years 1978-1982 was highly significant (Table 37). The mean scale growth
in these years was similar except in 1980 when the mean scale growth was much
larger than the other years (Figure 29). To test whether the mean scale growth
in 1980 was responsible for the significance of the MANOVA, the 1980 data were
removed and the analysis repeated. Although the significance of the test was
reduced, it was still highly significant (Table 37). The characters reflecting
the total scale growth of the lacustrine annular zone might be responsible for the
significance of the MANOVA as they were in the 2.2-2.3 Chignik Lake standard com-
parisons. This hypothesis was tested by including only the mean distance to each
of the first five circuli in the annular zone in the vectors being compared. For
the reduced scale character vectors, a MANOVA of the two previously defined data
sets was repeated. The hypothesis of equal mean scale growth was again rejected
in both analyses (Table 37).

A separate MANOVA was performed for each lacustrine annular zone of the 2.3 Chig-
nik Lake standards. For the first analysis of each annular zone, the mean scale
character vectors included the mean number of circuli and mean width of the zone.
A second MANOVA was performed which compared the mean scale character vectors with
these two characters omitted. The hypothesis of identical mean scale growth for
the 1978-1982 2.3 Chignik Lake standards was rejected in both zones for all tests
(Table 38). The mean scale growth in the first lacustrine annular zone varied
considerably for the years examined (Figure 30a). The mean scale growth in the
second lacustrine annular zone did not vary as much except for the 1982 growth
which was much greater than the others (Figure 30b).
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Table 36. Results of Hotelling's test for the equality of the mean scale
growth vectors of the first and second lacustrine annular zones
for each set of 2.2-2.3 Chignik Lake standards. The results of
Box's test for the equality of covariance matrices are reported,
also. (NS = not significant, SIGN = significant a < 0.05).

Sample Box’s  Hotelling’s Significant
Standard Age size test test characters

First lacustrine annular zone

1978 CL 2.2 90 SIGN NS

1979 CL 2.3 77

1979 CL 2.2 194 SIGN SIGN number circuli,
1980 CL 2.3 200 width zone

1980 CL 2.2 140 NS SIGN number circuli
1981 CL 2.3 188

1981 CL 2.2 146 SIGN SIGN number circuli
1982 CL 2.3 195

Second lacustrine annular zone

1978 CL 2.2 128 NS SIGN end lst FW AZ
1979 CL 2.3 199 to C3 2nd FW AZ
1979 CL 2.2 200 NS SIGN number circuli,
1980 CL 2.3 200 width zone

1980 CL 2.2 149 SIGN NS

1981 CL 2.3 191

1981 CL 2.2 159 NS NS

1982 CL 2.3 200

CL = Chignik Lake
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Table 37. Results of the multivariate analysis of variance of the mean scale
growth characters for the 1.3 Chignik Lake standards, 1978-1982.

Years Scale

compared characters F-statistic Significance

1978-1982 alll 2.53 <0.001

1978,1979, all 2.13 0.002

1981,1982

1978-1982 within annular 2.71 <0.001
zone only?

1978,1979, within annular 2.07 0.010

1981,1982 zone only

1 Mean number circuli first lacustrine annular zone, width first

lacustrine annular zone, mean distance to each of the first 5 cir-
culi in the annular zone.

2 Mean distance to each of the first 5 circuli in the first lacustrine
annular zone only.
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Table 38. Results of the multivariate analysis of variance of the mean scale
growth characters for the 2.3 Chignik Lake standards, 1978-1982.

Years Scale
compared characters F-statistic Significance

First lacustrine annular zone

1978-1982 alll 39.39 <0.001

1978-1982 within annular 33.55 <0.001
zone only?

Second lacustrine annular zone

1978-1982 all 40.25 <0.001

1978-1982 within annular 26.60 <0.001
zone only

1 Mean number circuli in the lacustrine annular zone, width of the

lacustrine annular zone, mean distance to each of the first 5 cir-
culi in the annular zone.

2 Mean distance to each of the first 5 circuli in the lacustrine annular
zone only,
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In-season Stock Separation Simulations for 1979-1981

In-season stock separation analyses were simulated for each of the years 1979-
1981. From the previous analyses, it was apparent that pooling either the 1.3

or 2.3 standards to form a universal Chignik Lake standard for that age class

was not appropriate. A satisfactory universal standard was not possible because
of the large variation in mean scale growth patterns during the years 1978-1982.
Although the universal standard might adequately represent the actual Chignik
Lake standard in some years, in most years it would not. For an actual in-season
separation, there would be no prior knowledge whether the universal standard was
representative of the actual Chignik Lake standard, therefore it was not consid-
ered to be a satisfactory solution.

The mean scale growth of one year's 2.2 Chignik Lake standard and the next year's
2.3 Chignik Lake standard was found to be very similar in all four 2.2-2.3 com-
parisons. Within each lacustrine annular zone, the mean distance to each of the
first five circuli in the zone was not significantly different except for one
2.2-2.3 comparison. The mean scale growth within the first five circuli of each
lacustrine annular zone was similar; therefore, the previous year's 2.2 Chignik
Lake standard was selected to represent the 2.3 standard for in-season linear
discriminant function analysis of the 2.3 age class.

Only those scale characters which were within the zone of similar lacustrine
growth were screened for the in-season analyses. Characters reflecting the total
growth of a lacustrine annular zone were omitted. No significant differences
were detected in the 2.2-2.3 standard comparisons for the scale characters
screened for the in-season analyses (Appendix Table 8). The scale characters
for each in-season 2.3 LDF analysis were selected from this subset by the step-
wise F procedure described for the post-season analyses.

The post-season procedure to estimate the number of each stock present in the
catch or escapement on a particular day was applied to the daily escapements

for the in-season analyses. Unlike the post-season procedure, which always had
age-specific stock composition estimates for the 1.3 and 2.3 age classes and in
1979 and 1980 the 2.2 age class, the in-season analysis had estimates only for
the 2.3 age class. The stock composition estimates for the 2.3 age class were
applied to all age classes present. Only the number of each stock present in the
daily escapement is required for the in-season analysis because management deci-
sions for the commercial fishery are based upon the cumulative escapement totals
for each stock. The age composition of each stock is not required for in-season
purposes.

1979:

The Tinear discriminant function for estimating the stock composition in the 1979
in-season simulation was established with the 1979 2.3 Black Lake standard and
the 1978 2.2 Chignik Lake standard. The in-season LDF for the 2.3 age class
separated the stocks with 90.5% accuracy (Table 39) which was only 3% less than
the accuracy of the post-season LDF for that age class. Table 40 summarizes the
scale characters selected for the in-season LDF.

A1l age 2.3 samples of unknown stock composition which were collected in Chignik
Lagoon in 1979 were classified with the in-season LDF and the adjusted and smoothed
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Table 39. C(lassification matrix for age 2.3 sockeye salmon in the 1979 in-
season simulation.

Age 2.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.880 0.070
Chignik Lake 0.120 0.930
Sample size 200 129

Mean classification = 0.905
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Table 40. Scale characters selected for the final discriminant function used
to classify the 2.3 age class in the 1979 in-season simulation.
(C = circulus, FW = freshwater, AZ = annular zone)l.

1979 2.3 1978 2.2
Scale characters Black Lake Chignik Lake
selected X s X s
1. distance focus to Cl, lst FW AZ 57.9 6.0 46.9 5.3
2. distance C2 to C3, lst FW AZ 22.9 4.6 16.6 3.6
3. distance C2 to C4, 2nd FW AZ 44,0 7.8 38.0 6.7
4. distance C3 to C4, lst FW AZ 18.8 3.9 14.2 3.5
5. relative size, distance C3 to Cé& 0.12 0.02 0.13 0.03

1st FW AZ

Sample size 200 129

Equality of covariance matrices, significant o < 0.01

' A11 Tinear distances reported in 0.01's of inches at 210X.
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stock composition estimates calculated (Table 41). The smoothed stock composi-
tion estimates for the in-season analysis were very similar to those for the
post-season analysis (Figure 31). When the in-season estimates were applied

to the escapement, the total Black Lake escapement through 25 July was estimated
as 381,405 fish. For comparison, the post-season estimate of the Black Lake
escapement was 385,694. The cumulative Black Lake and Chignik Lake escapements
estimated by the in-season and post-season analyses are compared in Figure 32.

The major premise of the in-season analyses is that, for the scale characters
examined, one year's 2.2 Chignik Lake standard provides an adequate representation
of the next year's 2.3 Chignik Lake standard. This premise can be evaluated by
classifying the actual 2.3 Chignik Lake standard with the in-season LDF. The
percentage correctly classified as belonging to the Chignik Lake stock will indi-
cate how well the in-season Chignik Lake standard represents the actual standard
for that year. For the 1979 in-season simulation, the 1979 2.3 Chignik Lake
standard was classified with the in-season LDF. The adjusted percentage of the
standard classified as Chignik Lake stock was 100.0%.

1980:

The standards for the 1980 in-season LDF were the 1980 2.3 Black Lake standard

and the 1979 2.2 Chignik lLake standard. The mean classification accuracy of

the in-season LDF for the 2.3 age class was 88.4% (Table 42). This was better
than the classification accuracy for the 2.3 age class in the post-season analysis
(83.8%). The six scale characters selected for the in-season analysis are summar-
ized in Table 43.

The smoothed in-season stock composition estimates of the proportion of the
Chignik Lake stock present in the 2.3 age class (Table 44) were consistently

less than the post-season estimates by about 20% (Figure 33). When the 1980

2.3 Chignik Lake standard was classified by the in-season LDF only 69.0% of the
sample was correctly assigned to the Chignik Lake stock. The large discrepancy
between the in-season and post-season stock composition estimates caused a sig-
nificant difference in the cumulative escapement estimates for each stock (Figure
34). The in-season estimate of the total Black Lake escapement was 463,450 while
the post-season analysis allocated only 311,332 fish to the escapement.

1981:

The 1981 in-season LDF was constructed with the 1980 2.2 Chignik Lake standard
and the 1981 2.3 Black Lake standard. The mean classification accuracy of the
in-season LDF was only 66.5% (Table 45). For the post-season analysis of the

2.3 age class the mean classification accuracy was 79.6%. Table 46 summarizes
the scale characters selected for the in-season analysis. When the 1981 2.3
Chignik Lake standard was classified with the in-season LDF, 83.5% of the sample
was correctly assigned to the Chignik Lake stock. This indicates that the
in-season Chignik Lake standard was a good representation of the actual standard.

The smoothed stock composition estimates for the 2.3 in-season analysis (Table
47) are compared to the post-season estimates in Figure 35. A total of 448,857
fish were assigned to the Black Lake escapement by the in-season simulation.
Th§ post-season estimate of the total Black Lake escapement was 438,540 (Figure
36).
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Table 41. Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1979 in-season simulation.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 6 33  Black Lake 774 .01028 .383 .00157
Chignik Lake .226 .01028 117 .00157
6/ 9 81 Black Lake .874 .00388 .867 .00205
Chignik Lake .126 .00388 .133 .00205
6/16 57  Black Lake .953 .00429 .858 .00177
Chignik Lake .047 .00429 .142 .00177
6/27 46  Black Lake 746 .00778 .647 .00176
Chignik Lake «254 .00778 .353 .00176
7/ 3 90 Black Lake 2243 .00380 416 .00168
Chignik Lake .757 .00380 .584 .00168
7/ 7 100 Black Lake +259 .00355 217 .00114
Chignik Lake 741 .00355 .783 00114
7/ 8 100  Black Lake .148 .00292 .169 .00101
Chignik Lake .852 .00292 .831 ,00101
7/13 100  Black Lake .099 .00258 .091 .00083
Chignik Lake .901 .00258 +909 .00083
7/16 100  Black Lake .025 .00198 .062 .00076
Chignik Lake .975 .00198 .938 .00076
7/18 100 Black Lake .062 .00229 .070 .00078
Chignik Lake .938 .00229 .930 .00078
7/20 100  Black Lake .123 .00275 111 .00088
Chignik Lake .877 .00275 .889 .00088
7/22 100 Black Lake 148 .00292 .090 .00063
Chignik Lake .852 .00292 .910 .00063
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Figure 31. Comparison of the stock composition estimates for the 2.3 age class
by the post-season (——) and in-season (---) analyses of the 1979
Chignik sockeye salmon run.
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Table 42. C(Classification matrix for age 2.3 sockeye salmon in the 1980 in-season

simulation.
Age 2.3 T
Classified stock Actual stock of origin
of origin Black Lake Chignik Lake
Black Lake 0.840 0.072
Chignik Lake 0.160 0.928
Sample size 200 194

Mean classification = 0.884
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Table 43.

Scale characters selected for the final discriminant function used

to classify the 2.3 age class in the 1980 in-season simulation.
(C = circulus, FW = freshwater, AZ = annular zone)!l.

1980 2.3 1979 2.2
Scale characters Black Lake Chignik Lake
selected X s X s
1. relative size, distance C3 to C4 0.10 0.02 0.13 0.02
l1st FW AZ
2. distance C3 to C4, lst FW AZ 18.1 4.1 18.1 3.6
3. distance focus to C5, lst FW AZ 126.1 13.9 129.4 11.8
4, relative size, distance lst C before 0.09 0.02 0.09 0.02
end of lst FW AZ to end of zone
5. distance Cl to C5, lst FW AZ 74.7 11.0 76.3 10.2
6. distance C2 to C3, lst FW AZ 18.9 4,1 20.2 3.9
Sample size 200 194

Equality of covariance matrices, significant o £ 0.01

1
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Table 44. Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1980 in-season simulation.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 6 23 Black Lake .925 .01352 567 .00223

Chignik Lake .075 .01352 .033 .00223
6/ 8 45 Black Lake 977 .00659 .967 .00289
Chignik Lake .023 .00659 .033 .00289
6/11 43 Black Lake 1.027 .00594 .992 .00203
Chignik Lake -.027 .00594 .008 .00203
6/13 50 Black Lake 1.000 .00570 1.000 .00180
Chignik Lake 0.000 .00570 0.000 .00180
6/17 44 Black Lake 1.090 .00454 1.000 .00174
Chignik Lake -.090 .00454 0.000 00174
6/23 49 Black Lake 1.022 00543 .920 .00188
Chignik Lake -.022 .00543 .080 .00188
7/ 1 61 Black Lake 760 .00697 .764 .00207
Chignik Lake .240 .00697 +236 00207
7/ 5 73 Black Lake .531 .00625 .625 .00199
Chignik Lake 469 .00625 .375 .00199
7/10 100 Black Lake .583 00472 574 00174
Chignik Lake 4617 .00472 .426 .00174
7/11 100 Black Lake 609 .00472 531 .00154
Chignik Lake .391 .00472 469 .00154
7/13 100 Black Lake 401 .00439 449 .00147
Chignik Lake .599 .00439 «551 00147
7/15 100 Black Lake .336 .00413 .358 00141
Chignik Lake .664 00413 642 .00141
7/17 100 Black Lake .336 .00413 .293 .00130
Chignik Lake 664 .00413 .707 .00130
7/19 100 Black Lake 206 .00342 .319 .00133
Chignik Lake 794 .00342 .681 .00133
7/21 100 Black Lake Al4 .00443 .349 .00137
Chignik Lake 586 .00443 651 .00137
7/23 100 Black Lake 427 00447 +280 .00099
Chignik Lake 573 .00447 .720 .00099
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Figure 33. Comparison of the stock composition estimates for the 2.3 age class
by the post-season (—) and in-season (---) analyses of the 1980
Chignik sockeye salmon run.
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Table 45. C(Classification matrix for age 2.3 sockeye salmon in the 1981 in-season

simulation.
Age 2.3
Classified stock Actual stock of origin
of origin Black Lake Chignik Lake
Black Lake 0.614 0.285
Chignik Lake 0.386 0.715
Sample size 140 151

Mean classification = 0.665
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Table 46. Scale characters selected for the final discriminant function used

to classify the 2.3 age class in the 1981 in-season simulation.
(C = circulus, FW = freshwater, AZ = annular zone)l.

1981 2.3 1980 2.2
Scale characters Black Lake Chignik Lake
selected b4 ] b4 s
1. distance end of Ist FW AZ to Cl 17.3 4.0 19.1 3.8

2nd FW AZ

2. distance focus to Cl, lst FW AZ 57.7 7.4 54,9 5.1
3. lst C widest pair in lst FW AZ 1.8 1.1 1.4 0.6
Sample size 140 151

Equality of covariance matrices, significant o < 0.01

1
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Table 47. Stock composition estimates for the scale pattern analysis of the 2.3
age class in the 1981 in-season simulation.

Sample N Stock Adjusted Estimated Smoothed  Estimated
Date Estimate Variance Estimate Variance
6/ 3 18 Black Lake .991 13734 .881 .02604
Chignik Lake .00% 13734 .119 .02604
6/ 8 26 Black Lake 653 .09701 665 .03388
Chignik Lake 347 .09701 .335 .03388
6/11 35 Black Lake .350 07054 .538 .02680
Chignik Lake 650 07054 462 .02680
6/15 35 Black Lake .610 .07365 .573 02304
Chignik Lake .390 07365 427 .02304
6/17 43 Black Lake .760 06319 «526 .02075
Chignik Lake .240 .06319 474 .02075
6/19 51 Black Lake .207 .04989 <459 .01834
Chignik Lake .793 .04989 541 .01834
6/22 50 Black Lake 410 .05198 496 .01592
Chignik Lake +590 .05198 .504 .01592
6/24 77 Black Lake .871 04145 427 .01392
Chignik Lake .129 04145 .573 .01392
6/28 100 Black Lake -.046 .03187 L447 01145
Chignik Lake 1.046 .03187 .553 01145
7/ 1 100 Black Lake 471 .02972 .162 .01030
Chignik Lake .529 .02972 .838 .01030
7/ 3 100 Black Lake .015 .03112 177 .01018
Chignik Lake .985 .03112 .823 .01018
7/ 6 100 Black Lake .046 .03079 .106 .01015
Chignik Lake .954 .03079 .894 01015
7/ 9 100 Black Lake .258 02944 177 .00997
Chignik Lake 742 .02944 .823 .00997
7/12 100 Black Lake .228 .02953 «248 .00982
Chignik Lake 772 .02953 .752 .00982
7/21 100 Black Lake .258 02944 .162 .00655
Chignik Lake 742 .02944 .838 00655
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1982 In-season Stock Separation

In 1982, an in-season stock separation analysis was conducted at Chignik during
the main portion of the sockeye salmon run in June and July. A digitizing sys-
tem and microcomputer at the FRI field station at the outlet of Chignik Lake

were used to perform the in-season analysis. It was important to process the
scale samples of unknown stock composition collected in Chignik Lagoon as quickly
as possible for the in-season analysis. Usually the samples were aged, measured,
and analyzed within twenty-four hours of collection. The stock composition esti-
mates were then applied to the daily escapements and the cumulative escapement

of each stock estimated.

The linear discriminant function for the 1982 in-season analysis was established
with scale samples collected at the outlet of Black Lake during the season and

the 1981 age 2.2 Chignik Lake standard. The in-season LDF for the 2.3 age class
separated the stocks with 77.7% accuracy (Table 48). For the post-season analysis
of the 2.3 age class, the classification accuracy was 82.6%. The scale characters
selected for the 1982 in-season LDF are summarized in Table 49.

The smoothed in-season stock composition estimates of the proportion of the
Chignik Lake stock present in the 2.3 age class (Table 50) were very similar to
the smoothed post-season estimates (Figure 37). A total of 620,382 fish were
allocated to the Black Lake escapement by the in-season analysis. The post-
season estimate for the total Black Lake escapement was 616,117. The cumulative
return of each stock estimated by the post-season and in-season analyses are com-
pared in Figure 38.

When the 1982 age 2.3 Chignik Lake standard was classified with the in-season
LDF, the adjusted estimate of the percentage of the Chignik Lake stock present
was 85.0%. This indicates that the in-season standard was a good representation
of the actual Chignik Lake standard.

DISCUSSION

The principal objective of this report was to determine whether the two sockeye
salmon stocks of the Chignik lakes could be accurately identified by their scale
patterns. The contribution of each stock to the Chignik runs in the years 1978-
1982 was estimated by linear discriminant function analysis of the lacustrine
scale patterns of the dominant age classes in each run. Although the performance
of this stock separation technique varied by age class and year, all classifica-
tion accuracies of the discriminant functions were considerably better than random
allocation (50.0%). Mean accuracies for the major age classes were: 85.4% for
the 2.2 age class; 74.9% for the 1.3 age class; and 85.8% for the 2.3 age class
(Table 51). The accuracies of the post-season analyses demonstrated that signi-
ficant differences in the lacustrine scale patterns of the Black Lake and Chignik
Lake stocks were present annually. Therefore, the scale pattern analysis method
of separating the Chignik sockeye salmon run by stock is an alternative to the
current method of separating the stocks by the average TOE curve. In the follow-
ing sections the two methods of separating the Chignik sockeye salmon stocks are
compared.
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Table 48. Classification matrix for age 2.3 sockeye salmon in the 1982 in-
season stock separation analysis.

Age 2.3

Classified stock Actual stock of origin

of origin Black Lake Chignik Lake
Black Lake 0.735 0.182
Chignik Lake 0.265 0.818
Sample size 102 159

Mean classification = 0.777
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Table 49. Scale chqracters selected for the final discriminant function used
to classify the 2.3 age class in the 1982 in-season stock separation
analysis. (C = circulus, FW = freshwater, AZ = annular zone)'.

1982 2.3 1981 2.2
Scale characters Black Lake Chignik Lake
selected X s X s
1. distance C2 to C4, 2nd FW AZ 37.7 8.7 47.5 7.2
2. distance end of lst FW AZ to Cl 18.6 3.9 20.4 3.9
2nd FW AZ
3. relative size, distance C3 to Cé4 0.12 0.02 0.13 0.02
lst FW AZ
Sample size 102 159

Equality of variance matrices, significant a < 0.01

A1l distances reported in 0.01's of inches at 210X.

-119-



Table 50.

Stock composition estimates for the scale pattern analysis of the
2.3 age class in the 1982 in-season stock separation.

Sample N Stock Ad justed Estimated Smoothed Estimated
Date Estimate Variance Estimate Variance
6/ 7 16  Black Lake 1.120 02746 1.000 .00610
Chignik Lake -.120 02746 0.000 .00610
6/11 16  Black Lake 1.120 02746 1.000 .00908
Chignik Lake -.120 02746 0.000 .00908
6/16 15 Black Lake 1.038 .02678 .973 .01093
Chignik Lake -.038 .02678 .027 .01093
6/20 17  Black Lake .918 .04410 .969 01174
Chignik Lake .082 .04410 031 01174
6/24 15 Black Lake «990 .03482 .962 .01190
Chignik Lake .010 .03482 .038 .01190
6/28 20  Black Lake .979 .02816 «952 .00997
Chignik Lake .021 .02816 .048 .00997
6/30 25  Black Lake .887 .02678 .798 .00920
Chignik Lake .113 .02678 .202 .00920
7/ 3 31 Black Lake .529 .02788 534 .00720
Chignik Lake 471 .02788 466 .00720
7/ 7 55 Black Lake .186 01011 +258 .00494
Chignik Lake .814 .01011 T42 .00494
7/10 60 Black Lake .059 00648 .114 .00239
Chignik Lake 941 .00648 .886 .00239
7/14 80 Black Lake .096 .00494 .065 .00176
Chignik Lake 904 .00494 .935 .00176
7/20 80  Black Lake .041 00442 046 .00104
Chignik Lake .959 00442 «954 .00104
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Table 51. (lassification accuracies of the linear discriminant functions for
the 1978-1982 post-season analyses.

Year Stock Age Sample Classification Accuracy
Size 2.2 1.3 2.3
1978 Black Lake 2.2 55 92.35
Chignik Lake 2.2 129
Black Lake 1.3 200 76.45
Chignik Lake 1.3 28
Black Lake 2.3 200 89.75
Chignik Lake 2.3 200
1979  Black Lake 2.2 99 78.35
Chignik Lake 2.2 200
Black Lake 1.3 200 72.55
Chignik Lake 1.3 35
Black Lake 2.3 200 93.50
Chignik Lake 2.3 200
1980 Black Lake 2.2 36 85.35
Chignik Lake 2.2 151
Black Lake 1.3 200 74.75
Chignik Lake 1.3 25
Black Lake 2.3 200 83.75
Chignik Lake 2.3 200

1981  Black Lake 1.3 200 74.90
Chignik Lake 1.3 126
Black Lake 2.3 140 79.55
Chignik Lake 2.3 200

1982  Black Lake 1.3 200 75.80
Chignik Lake 1.3 67
Black Lake 2.3 103 82.60
Chignik Lake 2.3 200

Mean Classification Accuracy 85.35 74.89 85.83
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Possible Standards for Evaluating the Accuracy of Each Method of Separating the
Chignik Sockeye Salmon Stocks

Ideally, the two techniques for estimating the contribution of the Black Lake and
Chignik Lake stocks to the sockeye salmon catch and escavement should be evaluated
by comparing the estimates to actual observations for each stock. The escapement
to the spawning grounds of each lake could provide a standard to evaluate the two
methods if the total number of salmon on each stock's spawning grounds and an
average age composition for the entire stock could be accurately determined by
spawning ground surveys. Unfortunately this is not possible. Presently, escape-
ments are counted by aerial surveys at the peak of spawning to estimate the Black
River contribution to the early run. While they do provide an approximate index
of abundance, the aerial surveys are not precise enough to evaluate a stock sep-
aration method (Nicholson et al. 1981).

The Alaska Department of Fish and Game conducts annual foot surveys of the prin-
cipal Black Lake and Chignik Lake spawning grounds. During these surveys otoliths
are collected to provide additional age composition information. If the age com-
position determined for a stock's spawning grounds by the otoliths was representa-
tive of the age composition of the entire stock, it could provide a standard for
evaluation. Clutter and Whitesel (1956) discussed some of the general problems
with estimating age composition by spawning ground surveys. Different recovery
rates of spawned carcasses between sexes, and for length and age groups within
sexes, can result in biased age composition estimates usually characterized by
under-representation of the smaller 2-ocean and 1-ocean fish. If the age composi-
tion for the different spawning areas of a stock is not homogeneous, the extra-
polation of the spawning ground age compositions to the entire stock is further
complicated. This is not a problem for the Black Lake escapement which usually

has similar age compositions for its different spawning areas. Sockeye from Chignik
Lake spawning areas, however, often exhibit pronounced differences in age composition
(Burgner and Marshall 1974). Also, one of the major Chignik Lake spawning areas,
near the beach is never surveyed because it is difficult to obtain samples there.

An evaluation of the two stock separation techniques by a comparison of the age
composition to the age compositions observed on the spawning grounds is not
appropriate because of the possible biases of the spawning ground surveys. The
discrepancy in lacustrine age interpretation between scales and otoliths is an
additional problem. Burgner and Marshall (1974) found that for Black Lake, more
otoliths were interpreted as having two lacustrine annuli than scales, while the
reverse was true for Chignik Lake.

Another possible standard for evaluating the stock separation techniques might be
provided by the scale samples collected at the outlet of Black Lake. Marshall
and Burgner (1975) proposed that the age composition estimated from these samples
be applied to the estimated Black Lake escapement. These samples might provide
an age composition for the Black Lake escapement to compare with the age composi-
tion estimated by the stock separation techniques. It is questionable whether or
not these samples are representative of the Black Lake escapement. It has not
been determined if the sockeye salmon in this area are sufficiently mixed to
present a random sample or if they assort themselves by time of arrival at the
outlet. Aerial observations of Black Lake outlet and the river below it revealed
that large schools of salmon are distributed throughout this area and they do not
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appear to mix (L. Nicholson, personal communication). If the schools are segre-
gated by time of arrival at the outlet and if there are differences in the arri-
val time of the different age classes, as is indicated by the scale pattern
analyses, then the Black Lake outlet samples are probably not representative

of the entire Black Lake escapement. Therefore, there were no standards avail-
able which were precise enough to evaluate the stock separation techniques.
Hence the techniques were evaluated by comparing the relative merits of each
method rather than by determining which was more accurate.

Comparison of the Results of Separating the Chignik Sockeye Salmon Runs by Stock
with Scale Pattern Analysis and the Average TOE Curve

The scale pattern analysis (SPA) method separates the total return by stock, but
the average TOE curve separates it by early and late run. The early run consists
primarily of the Black Lake stock plus the early Black River run, and the late
run is primarily the Chignik Lake stock without the early Black River run.
Although this is not a strict division by stock, as defined for this report, it
will be considered as such because: (1) ADF&G no longer removes the Black River
component of the early run for its annual run summary statistics; and (2) the
early and late run division is used by ADF&G to estimate return-per-spawner rela-
tionships and for forecasting. A comparison of the total return by age class for
the Black Lake and Chignik Lake stocks estimated by the SPA and TOE methods is
given for each stock in Tables 52 and 53 for the Chignik sockeye salmon runs in
1978-1981 (TOE estimates were not available for 1982).

Substantial differences were apparent in the estimated age composition and in the
estimated total return for each stock by the SPA and TOE methods. Table 54 sum-
marizes the differences between the age composition percentages estimated by the
SPA and TOE methods for the major age classes. Except in 1978, when the agree-
ment between the estimates was good, there were large differences (greater than
18%) in the age composition estimates for at least one major age class in the
three other years.

The difference between the SPA and the TOE estimates for the total return of the
Black Lake stock are given in Table 54, also. For the years 1978-1981, the dif-
ference between the two estimates, expressed as a percentage of the total run for
a year, varied from -4.4% to 10.1%. These differences may not appear to be
extreme since three of them are less than 5%. When the Black River component of
the early run is considered the differences between the SPA and TOE estimates
become much greater. The percentage contribution of the Black River component

to the early run was estimated by aerial surveys. The TOE estimates of the total
early run were corrected to account for the Black River component to provide an
estimate of the total Black Lake stock. The total difference between the esti-
mates then increased in all years except 1981. The difference between the SPA
and TOE estimates of the total return of the Black Lake stock then exceeded 5%
in three of the four years.

Large differences between the total return and/or the age composition of each
stock as estimated by the SPA and TOE methods were apparent in each of the years
1978-1981. The problem with separating the stocks by the average TOE curve have
been presented previously (see Introduction). The following sections present the
advantages of both methods and discuss some possible sources or error for the SPA
method.
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Table 52. Total return by age class for the Black Lake stock, 1978-1981 i
. s - , estimated by t
analysis method (SPA) and the average TOE curve (TOE)® Z. Y the scale pattern

Age
Year 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total
SpA 1978 0 333 50,713 121,029 4,588 752,716 587,019 6,752 3,190 264 ] 1,526,604
% 06.00 0.02 3.32 7.93 0.30 49.31 38.45 0.44 0.21 0.02 0.00 106.00
TOE 1978 200 200 10,738 108,513 2,350 656,997 486,119 3,529 4,923 0 0 1,273,569
% 0.02 0.02 0.84 8.52 0.18 51.59 38.17 0.28 0.38 0.00 0.00 100.00
SPA 1979 506 1,777 19,444 114,405 1,387 120,290 315,871 2,496 0 809 0 576,985
% 0.09 0.31 3.37 19.83 0.24 20.85 54.74 0.43 0.00 0.14 0.00 100.00
TOE 1979 163 1,019 29,905 98,599 0 207,266 293,139 0 0 0 0 630,091
% 0.03 0.16 4.75 15.65 0.00 32.89 46.52 0.00 0.00 0.00 0.00 100.00
SPA 1980 99 85 42,633 53,609 533 69,370 295,048 1,752 112 494 2,357 466,092
% 0.02 0.02 9.15 11.50 0.11 14.88 63.30 0.38 0.02 0.11 0.51 100.00
TOE 1980 0 0 29,787 27,499 0 178,363 165,987 50 50 231 0 401,967
% 0.00 0.00 7.41 6.84 0.00 44.37 41.30 0.01 0.01 0.06 0.00 100.00
SPA 1981 223 370 56,257 23,572 1,004 636,001 424,922 2,591 960 429 11,190 1,157,519
% 0.02 0.03 4.86 2.04 0.09 54.94 36.71 0.22 0.08 0.04 0.97 100.00
TOE 1981 0 0 87,839 23,750 0 945,363 231,133 0 0 0 0 1,288,085
% 0.00 0.00 6.82 1.84 0.00 73.39 17.95 0.00 0.00 0.00 0.00 100.00

' The TOE method includes the early arriving portion of the Black River run.

2 Source: Nicholson et al. 1981.
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Table 53.

Total return by age class for the Chignik Lake stock, 1978-1981, estimated by the scale pattern

analysis method (SPA) and the average TOE curve (TOE)! 2.

Age
Year 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total

SPA 1978 0 2,653 18,509 166,073 29,542 54,455 689,613 13,329 94 2,728 0 976,996
% 0.00 0.27 1.90 17.00 3.02 5.57 70.59 1.36 0.01 0.28 0.00 100.00

TOE 1978 497 2,552 5,973 158,782 76,657 79,577 838,540 39,097 2,505 0 690 1,204,870
% 0.04 0.21 0.50 13.18 6.36 6.60 69.60 3.24 0.21 0.00 0.06 100.00

SPA 1979 1,070 6,911 23,811 191,055 3,736 102,319 892,112 3,587 0 259 (4] 1,224,860
% 0.09 0.57 1.94 15.60 0.31 8.35 72.83 0.29 0.00 0.02 0.00 100.00

TOE 1979 1,878 1,236 69,413 150,051 0 336,091 588,080 0 0 0 0 1,146,749
% 0.16 0.11 6.05 13.09 0.00 29.31 51.28 0.00 0.00 0.00 0.00 100.00

SPA 1980 252 807 59,291 185,502 2,037 123,709 678,022 4,759 51 1,249 2,705 1,058,384
% 0.02 0.08 5.60 17.53 0.19 11.69 64.06 0.45 T3 0.12 0.26 100.00

TOE 1980 0 0 38,301 211,814 0 135,481 736,942 0 0 352 0 1,122,890
% 0.00 0.00 3.41 18.86 0.00 12.07 65.63 0.00 0.00 0.03 0.00 100.00

SPA 1981 416 3,918 52,041 92,999 3,522 764,753 847,360 9,130 901 2,283 7,500 1,784,823
) Z 0.02 0.22 2.91 5.21 0.20 42.85 47.48 0.51 0.05 0.13 0.42 100.00
TOE 1981 0 0 38,090 90,027 0 549,243 985,926 0 0 0 1,663,286
% 0.00 0.00 2.29 5.41 0.00 33.02 59.28 0.00 0.00 0.00 0.00 100.00

1

2

The TOE method does not include the early arriving portion of the Black River run.

Source: Nicholson, et al. 1981.

Trace < 0.005%.
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Table 54.

Differences between the scale pattern analysis method and the average TOE' method for the estimates
of the percentage of the major age classes in the total Black Lake return.

% Difference by age? Difference for
- total Black Lake % of total Black River % Total %
Year Stock 1.2 2.2 1.3 2.3 return return of early run difference
1978 BL 2.5 -0.6 -2.3 0.3 253,035 10.1 6.3 13.3
CL 1.4 3.8 -1.0 1.0
1979 BL -1.4 4.2 -12.0 8.2 -53,106 -2.9 15.1 5.3
CL -4.1 2.5 ~21.0 21.6
1980 BL 1.7 4.7 -29.5 22.0 64,125 4.2 17.7 8.9
CcL 2.2 -1.3 -0.4 -1.6
1981 BL ~2.0 0.2 -18.5 i8.8 -130,566 -4.4 7.0 -1.4
CL 0.6 -0.2 9.8 -11.8

1 Source: Nicholson et al. 1981.

2 SPA method - TOE method.



Advantages of the Scale Pattern Analysis Method of Separating the Chignik
Sockeye Salmon Stocks

The advantages of the scale pattern analysis method of separating the Chignik
sockeye salmon stocks are:

1. Estimates are year-specific and are based on information collected
in the year of analysis. The average TOE curve was developed from
observations made from 1962 to 1969 and it has not been evaluated
since that time. The average TOE curve is not year-specific but
defines an average pattern of entry for the Chignik sockeye salmon
stocks. It is not sensitive to annual changes in the entry pattern
and does not recognize entry patterns different from the ideal.

2. The SPA method estimates the stock composition of the run from samples
collected during June and July and uses all these samples to define
the entry patterns of the major age classes in the run. The decision
on the placement of the average TOE curve is not made from information
collected during the run but depends on the management biologist's per-
ception of the run. There is no information supporting his decision.

3. For any day during the period of transition, the SPA method usually
estimates the stock compositon of each of the major age classes pre-
sent. It recognizes differences in age composition between the stocks
and differences in the time-of-entry of the age classes within a
stock because it is age-specific. The average TOE method applies
the same age composition estimates to both stocks which obscures
their difference in age composition. Also, it applies one pattern
of entry to all age classes.

4. The SPA method separates the run by nursery lake stock, not by early
and late run. The separation by stock is a much better procedure
for management because the optimum escapement estimates are for each
nursery lake, not for the early and late runs. Run statistics sum-
marized by stock have more biological meaning for spawner-recruit
relationships than a division by early and late run.

5. A division of the Chignik sockeye salmon run by stock and an accurate
estimate of the age composition of each stock is important for fore-
casting. The return of 2-ocean fish has proved to be an important
variable in the forecast of the next year's run to each lake (S. Parker,
personal communication). Improved estimates of the 2-ocean component
in the return of each stock could help to improve the forecast for
each stock.

Possible Sources of Error for the Scale Pattern Analysis Method

Violations of the assumptions necessary for linear discriminant function analysis
could affect the models which estimated the stock composition of the Chignik
Lagoon samples and cause errors in the estimates. Each population in the LDF
analysis should be discrete and identifiable. For the Black Lake standards, all
scale samples were collected at Black Lake outlet and there were probably no fish
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of Chignik Lake origin present because it is removed from any Chignik Lake
spawning area. Chignik Lake standards collected in Chignik Lagoon could have
included some fish from the Black Lake stock.

The assumption of multivariate normality of the scale characters in each LDF
could have been violated, also. This assumption was not rigorously examined
because no test of the hypothesis of multivariate normality was available. All
scale characters used in the LDF analyses were approximately univariate normal
but this does not guarantee that their multivariate distributions were normal.

The assumption of equal covariance matrices for the groups in the LDF analysis
was tested for all analyses. In 12 of the 13 post-season LDF analyses, the
hypothesis of equal covariance matrices was rejected (o = 0.05). Quadratic
discriminant function (QDF) analysis would have been more appropriate because

it does not require the equality of covariance matrices. This does not invalidate
the results of the linear assignment rule, however. When this assumption is vio-
Tated, Fisher's LDF may still be satisfactory for classification (Gilbert 1969;
Kzranowski 1977). The advantage of QDF analysis over LDF analysis occurs when
there are significant differences between the variances of the variables used in
the analysis. The additional information provided by the difference in variances
can increase the accuracy of the QDF. There were no large differences between
the variances of the scale characters for the two Chignik stocks and they were
usually multiples of 2 or less of one another. It is doubtful whether the accur-
acy of the QDF would be significantly better than the LDF since there were no
large differences in the variances.

The scale samples collected in Chignik Lagoon to estimate the stock composition
of the run during the period of transition could be another possible source of
error. The possibility of collecting samples that were not representative of

the run was previously mentioned. The stock and age composition of scale samples
collected in the Lagoon are probably influenced by the area of collection and the
time of collection. The commercial fishery is dispersed throughout Chignik Lagoon,
from its outlet to Chignik Bay to the mouth of Chignik River, and operates from
early in the morning to late at night. Changes in the composition of the run
might be expected for samples collected in different areas and at different times.
The concept of a sample being representative of all fish in the catch or escape-
ment on a particular day is oversimplified. Until the complexities of the spa-
tial and temporal changes in the run within Chignik Lagoon are investigated fur-
ther, there is no alternative to the present sampling method.

Other possible sources of error are: (1) the assumption of a one-day migration
time from Chignik Lagoon to the weir; (2) errors in aging the scales; and (3)
errors in the daily abundance estimates.

Advantages of the Average Time-of-Entry Curve for Separating the Chignik Sockeye
Salmon Stocks

The major advantage of using the average time-of-entry curve to separate the
Chignik sockeye salmon run by stock is its ease of use. Only the basic run
statistics, daily escapement and catch, and age composition estimates are required
for the average TOE method. Large numbers of scales must be measured and analyzed
for the scale pattern analysis method. For the 1978-1982 post-season analyses, an
average of 2,600 scales were measured for each year to provide the age-specific
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stock composition estimates. Even with the microcomputer controlled digitizing
system, about one man-month was required to measure the scales for each year's
analysis. The average TOE method requires no additional labor beyond aging the
scales to estimate each stock's contribution to the run.

Evaluation of the In-season Stock Separation Analysis

The results of the in-season separation of the Chignik sockeye salmon stocks by
scale patterns and linear discriminant function analysis were compared to the
results of the post-season analyses. Only estimates of the total daily escape-
ment by stock are necessary for the in-season analysis. In 1979, 1981, and 1982
the cumulative escapements by stock estimated by the in-season and post-season
analyses were very similar. 1In 1980, there was a difference between the in-season
and post-season analyses of more than 150,000 fish for the estimated total Black
Lake escapement. The lacustrine scale patterns of the 1979 age 2.2 Chignik Lake
standard did not resemble those of the 1980 age 2.3 Chignik Lake standard as
closely as the other 2.2-2.3 Chignik Lake standard comparisons. The percentage

of the actual 2.3 standard classified as Chignik Lake origin by the 1980 in-season
model (69.0%) was significantly less than for the other years.

The in-season method of separating the Chignik sockeye salmon stocks by analysis
of their scale patterns needs to be examined further before it can be properly
evaluated. It must be determined if the poor performance in 1980 was an isolated
occurrence or if similar results can be expected frequently.

The advantage of the in-season method of separating the Chignik stocks in compari-
son to the average TOE method are similar to the advantages of the post-season
method. The in-season method: (1) estimates the stock composition of the run
from data collected throughout the run; (2) is year-specific rather than being

an average of data from a number of years; and (3) separates the escapement by
stock instead of by early run and late run.

A possible source of error for the in-season analyses, in addition to those dis-
cussed for the post-season analyses, is estimating the stock composition of only
one age class in the run. Differences in the entry patterns of the major age
classes in the run were apparent in the post-season analyses. The effects of

this on the in-season estimates may not be very severe because the in-season method
estimates the number of each stock in the escapement and is not concerned with the
age composition.

SUMMARY

1. Many studies have identified Pacific salmon stocks by their scale patterns
and discriminant function analysis. In almost all previous studies the stocks
have come from different river or lake systems. There have been very few
studies separating the stocks within a single watershed.

2. The sockeye salmon run to the Chignik lakes is the largest in Alaska outside
of Bristol Bay (the ten-year average return is 2.03 million fish). Effective
management of the Chignik sockeye salmon run requires that its two major stocks
can be identified in the catch and escapement.
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10.

11.

12.

13.

14.

The Chignik sockeye salmon stocks were defined by the nursery lake where
they spend their early freshwater 1ife, Black Lake or Chignik Lake.

Dahlberg (1968) devised a procedure for separating the Chignik sockeye
salmon run by stock from tagging studies conducted from 1962-1966. For
each year, a curve defining the average time-of-entry of each stock was
calculated.

Optimum escapement estimated for each stock were approximately 400,000 for
Black Lake and 200,000 for Chignik Lake. The commercial fishery has been
regulated to ensure that these goals were met since 1967.

Since 1970, a TOE curve which is the average of tagging data from 1962-1969
has been used to estimate the contribution of each stock to the catch and
escapement. Problems with the average TOE curve have been discussed by
other researchers.

Objectives of this study were to determine if the major age classes in the
Chignik sockeye salmon run could be separated by stock with discriminant
function analysis of their scale patterns and to develop a procedure for
separating the run by stock and age class in a post-season analysis. The
possibility of estimating the stock composition of the run in-season with
scale pattern analysis was examined, also.

Measurements and circuli counts in each lacustrine annular zone of a scale
and a linear discriminant function were used to identify the Black Lake and
Chignik Lake stocks.

Scale samples collected at the outlet of Black Lake were used for the Black
Lake standards. Scale samples collected in Chignik Lagoon after 24 July
were used to establish Chignik Lake standards. Samples collected in Chignik
Lagoon were used to estimate the age and stock composition of the run.

A post-season analysis of each of the Chignik runs from 1978-1982 estimated
the total return by age class for each stock with Tinear discriminant function
analysis of lacustrine scale patterns. The average classification accuracy
for the major age classes in the run during these years was: 85.4% for the
2.2 age class; 74.9% for the 1.3 age class; and 85.8% for the 2.3 age class.

Differences in the pattern of entry for a stock were observed for each age
class analyzed and between the years analyzed.

A Tlinear discriminant function for an in-season analysis of the age class was
calculated from the Black Lake samples in the year of analysis and the 2.2
Chignik Lake standard from the previous year.

The in-season estimates of the cumulative escapement by stock were very close
to the post-season estimates for the 1979, 1981, and 1982 in-season analyses.
The estimates in 1980 differed by more than 150,000 fish for the estimated
Black Lake escapement.

The advantage of the scale pattern analysis method of separating the Chignik
sockeye salmon stocks are: it is year-specific and age-specific; is deter-
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mined from data collected throughout the run; and it separates the run by
nursery lake stock.

15. The in-season analysis method of estimating the cumulative escapement by
stock requires further examination before it can totally replace the aver-
age TOE curve for in-season analyses.
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Appendix Table la. Format used to record the descriptive information for each
scale measured.

Identifier Column(s) Code or explanation
Scale number 1-2 Position of scale on scale card
Sex 3 1 = male, 2 = female, 3 = unknown
Length 4-6 Mideye-to-fork-of-tail length,
in mm
Sample number 7-9 Scale card number
Date of sampling 10-11 Year
12-13 Month
14-15 Day
Sampling location 16 1 = Chignik Lagoon
2 = Chignik River
3 = Chignik Lake
4 = Black Lake outlet
5 = Black River
Stock 17 1 = Black Lake
2 = Chignik Lake
3 = Unknown
Age 18 Number of freshwater annuli
19 Number of marine annuli
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Appendix Table 1b. Format used to record the count and measurement information
for each scale processed. All distances are recorded to

the nearest 0.01 inch.

Measurement or count Column(s)
Number of circuli in the first lacustrine annular zone 20-21
Width of the first lacustrine annular zone 22-25
14 fields of 3 digits recording the distance from the

scale focus to each circulus in the first lacustrine

annular zone 26~67
Number of circuli in the second lacustrine annular zone,

if present 68-69
Width of the second lacustrine annular zone 70-73
14 fields of 3 digits recording the distance from the

scale focus to each circulus in the second lacustrine

annular zone 74-115
Number of circuli of lacustrine plus growth, if present 116-117
Width of the zone of lacustrine plus growth 118-121
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Appendix Table 2. Scale characters examined for use in the linear discriminant
function analyses.

First lacustrine annular zone

Character Definition
1 number of circuli in ﬁhe annular zone
2 width of the annular zone
3-10 distance from the scale focus to each of the first eight

circuli in the zone

11-18 the ratio of characters 3-10 to the width of the zone

19-22 distance between the first, second, third, and fifth
circuli before the first annulus and the end of the
zone

23-26 the ratio of character 19-22 to the width of the zone

27 average interval between circuli in the zone

28 number of circuli in the first 3/4 of the zone

29-33 distance between every consecutive pair of circuli

between the first and the sixth circuli in the zone
34-38 the ratio of characters 29~33 to the width of the zone

39-42 distance between every second circulus between the first
and the sixth circuli in the zone

43-46 the ratio of characters 39-42 to the width of the zone

47-49 distance between every third circulus between the first
and the sixth circuli in the =zone

50-52 the ratio of characters 47-49 to the width of the zone
53 distance between the first and fifth circuli in the zone
54 distance between the first and sixth circuli in the zone

55-56 the ratio of characters 53~54 to the width of the zone
57 distance from the first circulus to the end of the zone

-Continued-
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Appendix Table 2. Scale characters examined for use in the linear discriminant
function analyses (continued).

First lacustrine annular zone

Character Definition

58 distance from the second circulus to the end of the zone
59 the ratio of character 57 to the width of the zone

60 width of the widest pair of circuli in the zone

61 the ratio of character 60 to the width of the zone

62 the first circulus of the widest pair in the zone

Second lacustrine annular zone (if present)

1 number of circuli in the annular zone
2 width of the annular zone
3-8 distance from the end of the first lacustrine annulus

to each of the first six circuli in the zone
9-14 the ratio of characters 3-8 to the width of the zone

15-17 distance between the first, second, and fourth circuli
before the second annulus and the end of the zone

18-20 the ratio of characters 15-17 to the width of the zone
21 average interval between circuli in the zone

22 number of circuli in the first half of the zone

23 number of circuli in the first 3/4 of the zone

24-28 distance between every consecutive pair of circuli

between the first and the sixth circuli in the zone
29-33 the ratio of characters 24-28 to the width of the zone

34-37 distance between every second circulus between the first
and the sixth circuli in the zone

38-41 the ratio of characters 34-37 to the width of the zone

-Continued-
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Appendix Table 2. Scale characters examined for use in the linear discriminant
function analyses (continued).

Second lacustrine annular zone (if present)

Character Definition

42-44 distance between every third circulus between the first
and the sixth circuli in the zone

45-47 the ratio of characters 42-44 to the width of the zone
48 distance between the first and fifth circuli in the zone
49 distance between the second and sixth circuli in the

zone

50-51 the ratio of characters 48-49 to the width of the zone
52 distance between the first circulus and the end of the

zone
53 distance between the second circulus and the end of the
zone

54-55 the ratio of characters 52-53 to the width of the zone
56 width of the widest pair of circuli in the zone
57 the ratio of character 56 to the width of the zone
58 the first circulus of the widest pair in the zone
59 total number of annular circuli (both annular zones)

60 total width of the annular zone (both annular zones)
61 the ratio of character 60 to character 59
62 the ratio of the width of the first annular zone to

character 60

Lacustrine plus growth zone (if present)

1 number of circuli in the plus growth zone
2 width of the plus growth zone
3 total number of lacustrine circuli (including plus
growth)
-Continued-
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Appendix Table 2. Scale characters examined for use in the linear discriminant
function analyses (continued).

Lacustrine plus growth zone (if present)

Character Definition
4 total width of the lacustrine zone (including plus
growth
5 the ratio of the width of the total annular zone to the

width of the total lacustrine zone

6 the ratio of the width of the first annular zone to
character 4
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Appendix Table 3a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1978.

Date Escapement Chignik Hook Bay/ Aniakchak Lastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
5/22 0 0 0 0 0 0 0 0 0 0
5/23 0 0 0 0 0 0 0 0 0 V]
5/24 0 0 0 0 0 0 0 0 0 [§]
5/25 0 0 0 0 0 0 0 0 0 0
5/26 1,0001 0 0 0 0 0 0 0 0 1,000
5/27 1,0001 0 0 0 0 0 0 0 0 1,000
5/28 1,008 0 0 0 0 0 0 6] 0 1,008
5/29 1,152 0 0 0 0 0 0 0 0 1,152
5/30 1,200 0 0 0 0 0 0 0 0 1,200
5/31 2,369 V] 0 0 0 0 0 0 0 2,369
6/ 1 7,200 0 0 0 0 0 0 0 0 7,200
6/ 2 1,680 0 0 0 0 0 0 0 0 1,680
6/ 3 7,435 0 0 0 0 0 0 0 0 7,435
6/ 4 11,929 0 0 0 0 0 0 0 0 11,929
6/ 5 23,094 0 0 0 0 0 0 0 0 23,094
6/ 6 11,577 0 0 0 (] 0 0 0 0 11,577
6/ 7 10,435 4] 0 0 0 0 0 0 0 10,435
6/ 8 6,720 0 0 0 0 0 0 0 0 6,720
6/ 9 24,700 118,402 0 0 0 0 0 0 0 143,102
6/10 18,426 0 0 0 0 0 0 o] 0 18,426
6/11 24,036 0 0 1,554 0 0 0 0 0 25,590
6/12 17,382 102,170 0 0 0 [¢] 0 0 0 119,552
6/13 25,156 0 0 0 0 0 0 0 0 25,156
6/14 24,524 52,645 0 4,145 0 21,976 0 0 0 103,290
6/15 22,056 0 0 0 0 0 0 U 0 22,056
6/16 12,265 84,229 0 146 0 0 0 0 0 96,640
6/17 19,526 63,530 [¢] ¢] 6] 4] 0 [¢] 1,367 84,423
6/18 47,496 0 0 2,332 0 0 [¢] 0 2,242 52,070
6/19 15,146 0 0 5,267 0 0 0 0 2,036 22,449
6/20 6,045 69,822 0 0 0 19,602 [¢] 0 0 95,469
6/21 12,659 52,396 3,000 0 0 9,759 0 0 0 77,814
6/22 22,514 0 1,613 2,654 0 27,379 0 0 0 54,160
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Appendix Table 3a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1978 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
6/23 4,048 45,979 0 1,825 0 0 0 0 0 51,852
6/24 7,615 23,544 525 0 0 0 0 0 1,064 32,748
6/25 14,596 0 5,891 0 0 18,580 0 0 423 39,490
6/26 9,842 35,280 o 1,392 0 30,858 0 0 887 78,259
6/27 4,034 19,974 4,241 0 0 11,353 0 0 0 39,602
6/28 2,935 31,045 2,529 260 0 0 0 0 0 36,769
6/29 1,947 14,840 2,174 1,224 0 2,488 0 0 0 22,673
6/30 2,673 28,204 1,176 5,306 0 0 0 Q 0 37,359
7/ 1 4,195 0 1,375 3,204 0 0 0 0 0 8,774
7/ 2 2,724 37,623 0 2,629 0 0 0 0 1,269 44,245
7/ 3 1,224 24,650 0 0 0 0 0 0 1,877 27,751
7/ 4 2,172 0 5,891 36 0 0 0 0 3,378 11,477
1/ 5 3,258 0 0 1,172 0 0 0 ¢] 0 4,430
7/ 6 1,578 78,604 0 0 0 0 0 0 0 80,182
7/ 7 1,914 0 1,564 0 0 0 0 0 0 3,478
7/ 8 1,554 71,677 0 2,238 0 0 0 0 178 75,647
7/ 9 4,542 0 501 0 0 0 0 0 3,099 8,142
7/10 10,260 0 0 1,639 0 0 0 0 1,473 13,372
7/11 7,266 0 0 0 0 0 0 0 0 7,266
7/12 © 4,092 124,898 0 0 0 102 0 0 62 129,154
7/13 2,862 0 194 0 0 0 0 0 0 3,056
7/14 6,978 0 0 1,545 0 2,088 0 0 0 10,611
7/15 2,934 0 0 0 0 107 0 0 756 3,797
7/16 15,846 0 (] 0 0 122 0 0 0 15,968
7/17 34,303 o] 0 0] 0 0 0 0 0 34,303
7/18 12,654 0 102 0 0 0 0 0 3,727 16,483
7/19 5,972 217,467 1,714 0 0 0 382 0] 0 225,535
7/20 8,412 0 0 107 0 0 12 0 0 8,531
7/21 16,569 ] 385 342 0 12,414 0 0 (] 25,710
7/22 8,520 0 2,396 1,787 0 2,643 0 0 0 15,346
7/23 2,376 53,404 221 572 0 0 0 0 197 56,770
7/24 4,314 0 0 1,811 [ 0 1 0 114 6,240
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Appendix Table 3a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1978 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak bistrict District Total
7/25 4,362 21,941 1,238 326 O 17,955 4 0 0 45,826
7/26 6,240 0 0 422 0 23,483 [} ¥} 0 30,145
7/27 6,894 0 411 956 0 5,809 17 0 4] 14,087
7/28 3,954 12,054 226 919 0 7,981 101 28 0 25,263
7/29 5,856 0 0 2,224 0 2,411 494 3 0 10,988
7/30 5,450 0 0 2,249 0 538 555 1 90 8,883
7/31 2,520 7,643 0 0 0 0 62 3 77 10,305
8/ 1 1,932 5,770 0 0 0 0 1 0 22 7,725
8/ 2 1,278 4,603 67 1,392 0 0 302 0 559 8,201
8/ 3 1,800 4,160 0 1,132 [y} 0 550 2 0 7,644
8/ 4 972 5,046 0 883 0 0 390 0 0 7,291
8/ 5 2,832 0 2 1,232 0 1 475 39 608 5,189
8/ 6 5,124 0 0 955 55 1 217 27 536 6,915
8/ 7 4,386 7,476 0 0 1 4 0 13 0 11,880
8/ 8 1,662 4,704 0 0 0 0 0 0 0 6,366
8/ 9 1,596 3,860 4 987 0 0 231 0 39 6,717
8/10 1,8002 5,174 148 1,829 0 0 252 4 18 9,225
8/11 1,000 4,997 51 541 0 0 290 2 40 6,921
8/12 2,800 0 0 Q 0 0 93 1 i78 3,072
8/13 5,100 0 0 0 0 0 46 0 0 5,146
8/14 4,400 5,814 0 0 0 0 0 0 0 10,214
8/15 1,700 5,889 58 0 0 0 0 0 7 7,654
8/16 1,600 5,306 0 0 0 0 0 0 0 6,906
8/17 1,000 4,515 0 0 0 10 0 0 0 5,525
8/18 1,000 4,902 0 0 ¢} 0 0 1 0 5,903
8/19 1,500 0 0 0 0 0 0 2 74 1,576
8/20 2,000 0 0 0 0 0 0 4 0 2,004
8/21 1,500 3,168 0 0 0 0 0 3 4] 4,671
8/22 500 1,350 0 0 0 0 0 0 78 1,928
8/23 500 1,511 0 0 0 0 7 0 0 2,018
8/24 500 986 0 0 0 0 0 8 0 1,494

-Continued-
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Appendix Table 3a. Chignik daily sockeye salmon escapement, catch b j igni
s y area, and total run ad dt
Lagoon date, 1978 (continued). un adjusted to thigntk

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District bistrict Total
8/25 500 1,572 0 0 0 0 0 0 26 2,098
8/26 500 0 0 0 0 0 0 0 ¢ 500
8/27 500 0 0 0 0 0 ] 0 0 500
8/28 500 664 0 0 0 (] 0 0 0 1,164
8/29 250 587 0 0 0 0 0 0 0 837
8/30 250 213 0 0 0 0 0 0 0 463
8/31 250 0 0 (] 0 4] G 0 0 250
9/ 1 250 62 ] 0 0 0 0 0 0 312
9/ 2 250 0 0 0 0 0 0 0 0 250
9/ 3 250 0 0 0 0 0 0 0 0 250
9/ 4 250 209 0 0 0 0 0 0 0 459
9/ 5 100 61 0 0 0 0 0 0 0 161
9/ 6 100 47 0 0 0 0 0 0 13 160
9/ 7 100 0 0 0 a 4] Q Q 0 100
9/ 8 100 6 0 0 (] 0 0 0 0 106
9/ 9 100 ] 0 0 0 0 0 0 2 102
9/10 100 0 0 0 0 0 0 0 28 128
9/11 100 0 0 ¢] 0 0 0 0 131 231
9/12 100 0 0 0 0 0 0 0 135 235
9/13 100 (] 0 0 0 0 0 0 126 226
9/14 100 0 0 0 0 0 0 0 0 100
9/15 100 0 0 0 0 0 0 0 0 100
9/16 0 0 0 0 0 0 0 0 0 0
9/17 0 0 0 0 0 0 0 0 114 114
9/18 0 0 0 0 0 0 0 0 0 0
9/19 0 0 0 0 0 0 0 0 22 22
9/20 0 0 0 ¥] 0 0 0 0 34 34
9/21 0 ] 0 0 4] 0 4] ] 0 0
9/22 0 0 0 4] 0 0 0 0 o 0
9/23 0 0 0 0 0 0 0 0 0 0
9/24 0 0 0 0 0 0 0 ] 0 0
9/25 Q (¢] 0 0 0 0 0 0 o] Y]

-Continued-



~6vl-

Appendix Table 3a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1978 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik bistrict [gvak District District Total

9/26 0 0 0 0 0 0 (] u u 0]

9/27 0 0 0 0 0 0 0 0 0 0

9/28 0 0 0 0 0 0 0 0 0 0

9/29 0 0 0 0 0 0 0 0 0 0

9/30 Q 0 0 0 0 0 0 1] 0] 0

Total 682,547 1,474,673 37,697 59,234 56 217,664 4,482 141 27,106 2,503,600

1 Escapement estimated.

2 A1l escapements after 8/9 estimated.
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Appendix Table 3c. Age composition of sockeye salmon scale samples collected at Black Lake outlet during
1978, by percent of sample.

Age
Sample Sample - —— -
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4  Other
6/12 172 0.0 0.0 2.3 2.3 0.0 75.0 20.4 0.0 0.0 0.0 0.0
6/15 154 0.0 0.0 .7 1.9 0.0 75.3 22.1 0.0 0.0 0.0 0.0
6/17 174 0.0 0.0 2.9 6.3 0.0 68.4 22.4 0.0 0.0 0.0 0.0
6/19 214 0.0 0.0 1.9 3.3 0.0 79.4 15.4 0.0 0.0 0.0 0.0
6/21 177 0.0 0.0 1.1 2.8 0.0 75.7 20.4 0.0 0.0 0.0 0.0
6/23 174 0.0 0.0 1.1 4,6 0.0 79.3 14.4 0.0 .6 0.0 0.0
6/25 145 0.0 0.0 4,1 8.3 0.0 69.7 17.9 0.0 0.0 0.0 0.0
6/27 27 0.0 0.0 7.4 0.0 0.0 77.8 14.8 0.0 0.0 0.0 0.0
7/ 1 227 0.0 0.0 2.6 4.4 0.0 62.6 30.4 0.0 6.0 0.0 0.0
7/ 5 131 0.0 0.0 2.3 2.3 0.0 71.0 24 .4 0.0 0.0 0.0 0.0
Mean? 0.0 0.0 2.11 4.02 0.0 72.93 20.87 0.0 0.07 0.0 0.0

1 Does not include the sample on 6/27.




Appendix Table 3d. Summary of the daily and cumulative return of sockeye
salmon for the Black Lake stock in 1978.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 5/31 5,350 0 5,350 5,350 .004
5/31 2,358 0 2,358 7,708 .005
6/ 1 7,157 0 7,157 14,865 010
6/ 2 1,669 0 1,669 16,534 011
6/ 3 7,376 0 7,376 23,910 .016
6/ 4 11,822 0 11,822 35,732 .023
6/ 5 22,863 0 22,863 58,595 .038
6/ 6 11,449 o] 11,449 70,044 046
6/ 7 10,309 0 10,309 80,353 .053
6/ 8 6,632 0 6,632 86,985 .057
6/ 9 24,353 116,745 141,098 228,083 .149
6/10 18,141 0 18,141 246,224 .161
6/11 23,637 1,528 25,165 271,389 .178
6/12 17,081 100,406 117,487 388,876 .255
6/13 24,701 0 24,701 413,577 271
6/14 24,062 77,283 101,345 514,922 .337
6/15 21,626 ] 21,626 536,548 .351
6/16 12,017 82,666 94,683 631,231 W413
6/17 19,118 63,541 82,659 713,890 468
6/18 46,112 4,440 50,552 764,442 .501
6/19 14,565 7,023 21,588 786,030 515
6/20 5,750 85,075 90,825 876,855 .574
6/21 11,727 60,355 72,082 948,937 622
6/22 20,280 28,506 48,786 997,723 654
6/23 3,540 41,815 45,355 1,043,078 .683
6/24 6,502 21,459 27,961 1,071,039 .702
6/25 12,119 20,670 32,789 1,103,828 .723
6/26 7,916 55,030 62,946 1,166,774 764
6/2 3,130 27,594 30,724 1,197,498 .784
6/28 1,877 21,650 23,527 1,221,025 .800
6/29 1,158 12,327 13,485 1,234,510 .809
6/30 1,469 19,066 20,535 1,255,045 .822
7/ 1 2,191 2,393 4,584 1,259,629 .825
7/ 2 1,350 20,580 21,930 1,281,559 .839
7/ 3 573 12,432 13,005 1,294,564 .848
7/ 4 940 4,031 4,971 1,299,535 .851
7/ 5 1,295 467 1,762 1,301,297 .852
7/ 6 572 28,454 29,026 1,330,323 .871
/7 693 566 1,259 1,331,582 .872
7/ 8 560 26,772 27,332 1,358,914 .890
7/ 9 1,618 1,282 2,900 1,361,814 .892
7/10 3,603 1,093 4,696 1,366,510 .895
7/11 2,515 0 2,515 1,369,025 .897
7/12 1,394 42,646 44,040 1,413,065 .926
7/13 954 64 1,018 1,414,083 .926
7/14 2,269 1,182 3,451 1,417,534 .929
7/15 931 273 1,204 1,418,738 .929
7/16 4,903 38 4,941 1,423,679 .933
7/17 10,342 0 10,342 1,434,021 .939
7/18 3,714 1,123 4,837 1,438,858 .943
7/19 1,706 62,723 64,429 1,503,287 .985
7/20 2,186 31 2,217 1,505,504 .986
7/21 3,880 3,078 6,958 1,512,462 .991
After 7/21 2,605 11,537 14,142 1,526,604 1.000
Total 458,660 1,067,944 1,526,604
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Appendix Table 3e. Summary of the daily and cumulative return of sockeye
salmon for the Chginik Lake stock in 1978.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/15 3,063 4,930 7,993 7,993 .008
6/15 430 0 430 8,423 .009
6/16 248 1,709 1,957 10,380 011
6/17 408 1,356 1,764 12,144 .012
6/18 1,384 134 1,518 13,662 014
6/19 581 280 861 14,523 .015
6/20 295 4,349 4,644 19,167 .020
6/21 932 4,800 5,732 24,899 .025
6/22 2,234 3,140 5,374 30,273 031
6/23 508 5,989 6,497 36,770 .038
6/24 1,113 3,674 4,787 41,557 .043
6/25 2,477 4,224 6,701 48,258 .049
6/26 1,926 13,387 15,313 63,571 .065
6/27 904 7,974 8,878 72,449 .074
6/28 1,058 12,184 13,242 85,691 .088
6/29 789 8,399 9,188 94,879 .097
6/30 1,204 15,620 16,824 111,703 114
7/ 1 2,004 2,186 4,190 115,893 2119
1/ 2 1,374 20,941 22,315 138,208 .141
7/ 3 651 14,095 14,746 152,954 .157
7/ 4 1,232 5,274 6,506 159,460 .163
775 1,963 705 2,668 162,128 .166
7/ 6 1,006 50,150 51,156 213,284 .218
7/ 7 1,221 998 2,219 215,503 .221
7/ 8 994 47,321 48,315 263,818 .270
7/ 9 2,924 2,318 5,242 269,060 .275
7/10 6,657 2,019 8,676 277,736 .284
7/11 4,751 0 4,751 282,487 .289
7/12 2,698 82,416 85,114 367,601 .376
7/13 1,908 130 2,038 369,639 .378
7/14 4,709 2,451 7,160 376,799 .386
7/15 2,003 590 2,593 379,392 .388
7/16 10,943 84 11,027 390,419 400
7/17 23,961 0 23,961 414,380 424
7/18 8,940 2,706 11,646 426,026 .436
7/19 4,266 156,840 161,106 587,132 .601
7/20 6,226 88 6,314 593,446 .607
7/21 12,689 10,063 22,752 616,198 .631
7/22 6,744 5,402 12,146 628,344 643
7/23 1,942 44,457 46,399 674,743 .691
7/24 3,919 1,750 5,669 680,412 .696
7/25 4,362 41,464 45,826 726,238 .743
7/26 6,240 23,905 30,145 756,383 774
7/27 - 6,894 7,193 14,087 770,470 .789
7/28 3,954 21,309 25,263 795,733 .814
7/29 5,856 5,132 10,988 806,721 .826
7/30 5,450 3,433 8,883 815,604 .835
7/31 2,520 7,785 10,305 825,909 .845
8/ 1 1,932 5,793 7,725 833,634 .853
8/ 2 1,278 6,923 8,201 841,835 .862
8/ 3 1,800 5,844 7,644 849,479 .869
8/ 4 972 6,319 7,291 856,770 .877
8/ 5 2,832 2,357 5,189 861,959 .882
8/ 6 5,124 1,791 6,915 868,874 .889
8/ 7 4,386 7,494 11,880 880,754 .901
8/ 8 1,662 4,704 6,366 887,120 .908
8/ 9 1,596 5,121 6,717 893,837 .915
After 8/ 9 31,750 51,409 83,159 976,996 1.000
Total 223,887 753,109 976,996
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Appendix Table 4a.

Chignik daily sockeye salmon escapement, catch by area, and total j igni
K e 5ock y al run adjusted to Chignik

Date Escapemen

5/22 0
5/23 0
5/24 0
5/25 0
5/26 0
5/27 0
5/28 1,000
5/29 1,000
5/30 1,000
5/31 1,596
6/ 1 1,764
6/ 2 3,276
6/ 3 4,283
6/ 4 4,431
6/ 5 3,906
6/ 6 10,662
6/ 7 12,348
6/ 8 15,204
6/ 9 8,372
6/10 10,758
6/11 16,930
6/12 24,836
6/13 14,562
6/14 18,218
6/15 23,604
6/16 16,882
6/17 26,526
6/18 21,493
6/19 20,118
6/20 21,456
6/21 21,766
6/22 10,862
6/23 8,798
6/24 12,270
6/25 10,237

t Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily
Lagoon Kujulik bistrict Igvak bDistrict District Total

0 0 0 0 0 0 0 0 0

0 0 4] 0 0 0 0 0 0

¢] 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

¢ ¢ ¢] 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 1,000
1 0 0 0 0 0 0 0 0 1,000
0 0 0 0 0 0 0 0 1,000

0 0 0 0 0 0 0 0 1,596

0 0 0 0 0 0 0 0 1,764

0 4] 0 0 0 0 0 0 3,276

0 0 0 4] 0 0 0 0 4,283

0 0 0 4] 0 0 0 0 4,431

0 0 0 0 0 0 0 0 3,906

0 o] 0 0 0 0 0 0 10,662

0 0 0 0 0 0 0] 0 12,348

0 0 0 0 0 0 0 0 15,204

44,135 0 (V] 0 0 0 0 0 52,507

0 0 0 0 0 0 0 0 10,758

0 0 2,706 0 0 0 0 0 19,636

0 0 0 0 0 0 0 0 24,836

0 0 0 0 0 0 0 0 14,562

0 0 0 0 7,346 0 0 0 25,564

0 0 0 0 0 0 0 ] 23,604

0 0 0 0 0 0 0 0 16,882

0 0 0 0 0 0 0 0 26,526

0 0 0 0 0 0 0 0 21,493

[¢] 0 0 0 0 0 0 0 20,118

0 0 0 0 0 0 0 0 21,456

0 0 0 V] 0 0 0 0 21,766

0 0 0 0 0 0 0 0 10,862

0 0 0 0 0 0 0 0 8,798

0 0 0 0 0 [¢] [¢] 0 12,270

[¢] 0 0 0 0 0 0 0 10,237
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Appendix Table 4a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1979 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik bistrict Igvak District Discrict Total
6/26 13,894 0 0 0 0 0 0 0 0] 13,894
6/27 12,610 0 0 0 0 0 0 0 0 12,610
6/28 8,036 0 0 0 0 0 0 0 Q 8,036
6/29 8,351 0 0 4] 0 0 0 0 0 8,351
6/30 21,746 0 (43 0 0 0 0 0 4] 21,746
7/ 1 9,659 0 0 0 0] 0 0 0 0 9,659
1/ 2 27,554 0 0 0 0 0 0 0 0 27,554
7/ 3 14,827 0 0 [ 0 0 0 0 0 14,827
7/ 4 6,660 0 0 0 0 0 0 0 0 6,660
7/ 5 8,817 0 0 0 0 0 0 0 0 8,817
7/ 6 10,000 1,776 0 0 0 0 0 0 0 11,776
7/ 7 8,000 91,617 0 0 0 0 0 0 0 99,617
7/ 8 8,000 41,084 366 0 0 0 4,811 u 0 54,261
7/ 9 15,048 3,561 136 0 0 0 1,985 0 0 20,730
7/10 25,457 947 200 2,451 0 0 934 0 0 29,989
7/11 61,810 0 0 0 0 0 389 84 0 62,283
7/12 18,298 : 79,976 0 0 0 0 0 0 0 98,274
7/13 4,212 64,627 0 0 0 [¢] 0 (¢] 0 68,839
7/14 3,066 54,870 ) 0 0 0 0 0 0 0 57,936
7/15 18,856 209 2,824 6,530 0 0 0 0 0 28,419
7/16 4,332 48,582 0 6,909 0 0 0 0 0 59,823
7/17 3,438 41,534 2,047 0 0 0 0 0 0 47,019
7/18 2,904 39,636 5,799 3,613 0 0 0 0 0 51,952
7/19 1,542 33,394 9,408 6,800 0 0 102 0 0 51,246
7/20 1,494 27,435 1,532 5,663 0 0 0 447 0 36,571
7/21 3,156 22,615 2,832 9,451 0 0 1,130 966 0 40,150
7/22 2,532 19,882 2,169 12,720 0 0 100 0 0 37,403
7/23 1,992 26,373 927 5,779 0 0 0 0 0 35,071
7/24 3,284 17,173 0 5,639 0 0 0 0 0 26,096
7/25 978 24,106 0 0 0 0 907 4] 0 25,991
7/26 1,590 22,771 0 0 0 0 763 18 0 25,142
7/27 1,590 23,159 0 0 0 1,550 1,155 8 0 27,462
7/28 1,086 16,394 0 0 0 5,200 0 21 0 22,701
7/29 1,614 10,998 0 0 V] 667 0 0 0 13,279
7/30 3,222 12,060 [§] u 0 226 0 0 0 15,508

-Continued-



-9G1-

Appendix Table 4a.

Chignik daily sockeye salmon escapement,
Lagoon date, 1979 (continued).

catch by area, and total run adjusted to Chignik

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
7/31 1,6132 9,940 540 ¢ 0 0 0 0 U 12,093
8/ 1 1,613 8,994 1,873 1,271 0 0 642 0 0 14,393
8/ 2 1,613 10,268 751 3,166 0 0 1,202 119 ¢ 17,119
8/ 3 1,613 7,301 1,640 2,038 0 0 2,709 16 0 15,317
8/ 4 1,613 0 121° 406 0 0 1,875 0 0 4,015
8/ 5 1,613 0 0 1,114 0 0 96 184 0 3,007
8/ 6 1,613 11,919 0 0 0 0 0 13 (0] 13,545
8/ 7 1,613 8,689 1,186 (4] 0 0 0 0 0 11,488
8/ 8 1,613 7,404 1,097 1,904 0 0 296 0 0 12,314
8/ 9 1,613 5,716 380 1,150 170 0 365 53 0 9,447
8/10 1,613 7,238 0 1,005 25 0 326 128 ¢] 10,335
8/11 1,613 0 250 0 7 0 375 121 0 2,366
8/12 1,613 0 39 0 8] 1] g 2 a 1,654
8/13 1,613 9,097 0 108 0 0 0 0 0 10,818
8/14 1,613 4,145 0 0 0 0 119 0 0 5,877
8/15 1,613 6,018 0 137 0 0 30 5 0 7,803
8/16 1,613 3,231 4] 13 0 ¢] 0 92 0 4,949
8/17 1,613 6,328 0 44 0 0 1 65 0 8,051
8/18 1,613 0 514 0 0 (] G 166 0 2,293
8/19 1,613 0 0 0 0 0 0 36 0 1,649
8/20 1,613 8,287 ¢] 0 0 0 0] 156 0 10,056
8/21 1,613 4,286 0 0 0 0 0 0 0 5,899
8/22 1,613 4,400 0 0 0 0 1 0 0 6,014
8/23 1,613 4,576 0 0 0 0 0 0 0 6,189
8/24 1,613 3,474 0 0 (€] 0 0 0 0 5,087
8/25 1,613 0 0 0 0 0 0 4] 0 1,613
8/26 1,613 0 0 0 0 0 0 0 0 1,613
8/27 1,613 2,617 0 0 0 ¢] 0 0 0 4,230
8/28 1,613 1,452 0 0 0 0 0 0 0 3,065
8/29 1,613 1,271 4] 0 0 0] 0 0 ] 2,884
8/30 1,613 1,673 (¢] 0 0 0 6 148 0 3,440
8/31 0 947 0 0 4] 0 0 0 0 947
9/ 1 0 0] 0 0 0 0 0 0 0 0
9/ 2 0 0 0 0 0 4] 4] 6 0 6
9/ 3 0 0 0 0 0 0 0 7 0 7
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Appendix Table 4a.

Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1979 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily
Lagoon Kujulik District Igvak District District Total
9/ 4 0 0 0 0 0 0 0 0 0 0
9/ 5 0 0 0 0 0 0 0 0 0 ¢]
9/ 6 0 0 0 0 0 0 0 1 0 1
9/ 17 0 0 ] 0 0 0 0 0 0 0
9/ 8 0 0 0 0 0 0 0 4 0 4
9/ 9 0 0 0 0 0 0 0 0 0 o
9/10 0 0 0 0 0 0 0 0 0 0
9/11 0 96 (0] 0 0 0] o] 0 0 96
9/12 0 10 0 0 0 4] 0 0 0 10
9/13 0 29 0 0 0 0 0 0 0 29
9/14 0 0 [¢] 0 0 0 0 0 0 0
9/15 0 0 0 (4] 0 0 0 0 0 0
9/16 0 62 0 0 0 0 0 0 0 62
9/17 0 23 0 ] 0 0 0 0] 0 23
9/18 0 0 0 0 0 0 0 0 0 0
9/19 0 0 0 0 0 0 0 0 0 0
9/20 0 0 0 0 0 0 0 ] 0 0
9/21 0 0] 0 0 0 0 0 0 0 0
9/22 0 0 0 0 0 0 0 0 0 0
9/23 0 0 0] 0 0 0 0] 0 0 0
9/24 0 0 0 0 0 0 0 0 0 0
9/25 0 0 0 0 4] 0 0 0 (V] 0
9/26 0 0 [¢] 0 0 0 0 0 0 0
9/27 0 0 0 0 0 0 0 0 0 0
9/28 0 0 0 0 0 0 0 0 0 V]
9/29 0 0 0 0 0 0 0 0 (0] 0
9/30 0 0 0 0 0 0 0 0 U [¢]
Total 737,816 908,405 36,631 80,617 202 14,989 20,319 2,866 V] 1,801,8453
1 Escapement estimated.

2 Prorated for

3 Does not inc

an estimated escapement of 50,000 in August.
lude the Stepovak catch of 64,400 for which there were no daily estimates.
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Appendix Table 4c. Age composition of sockeye salmon scale samples collected at Black Lake outlet during 1979
by percent of sample. ’

Age
Sample Sample = = = @ s - —— -
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other
6/19 93 1.1 0.0 2.1 11.8 0.0 32.3 51.6 0.0 0.0 I.1 0.0
6/24 345 0.0 0.0 3.5 7.8 0.0 40.6 48.1 0.0 0.0 0.0 0.0
6/26 230 0.0 0.0 3.0 8.3 0.0 25.7 63.0 0.0 0.0 0.0 0.0
6/27 373 .5 3 2.9 8.0 0.0 34.9 52.8 0.0 0.0 .3 .3
6/28 356 .6 0.0 2.8 9.5 0.0 28.9 57.9 0.0 0.0 0.0 .3
Mean 0.44 0.06 2.86 9.08 0.0 32.48 54.68 0.0 0.0 0.28 0.12




Appendix Table 4d. Summary of the daily and cumulative return of sockeye salmon
for the Black Lake stock in 1979.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/ 1 4,439 0 4,439 4,439 .008
6/ 1 1,622 0 1,622 6,061 011
6/ 2 2,945 0 2,945 9,006 .016
6/ 3 3,765 0 3,765 12,771 .022
6/ 4 3,806 0 3,806 16,577 .029
6/ 5 3,275 0 3,275 19,852 .034
6/ 6 8,728 0 8,728 28,580 .050
6/ 7 9,757 0 9,757 38,337 066
6/ 8 11,574 0 11,574 49,911 .087
6/ 9 6,123 32,278 38,401 88,312 .153
6/10 7,925 .0 7,925 96,237 .167
6/11 12,557 2,007 14,564 110,801 .192
6/12 18,560 8] 18,560 129,361 .224
6/13 10,964 0 10,964 140,325 .243
6/14 13,822 5,573 19,395 159,720 277
6/15 18,050 0 18,050 177,770 .308
6/16 13,300 0 13,300 191,070 .331
6/17 20,535 0 20,535 211,605 .367
6/18 16,347 0 16,347 227,952 .395
6/19 15,029 0 15,029 242,981 421
6/20 15,738 0 15,738 258,719 .448
6/21 15,675 0 15,675 274,394 476
6/22 7,678 0 7,678 282,072 .489
6/23 6,100 0 6,100 288,172 .499
6/24 8,347 0 8,347 296,519 Sl4
6/25 6,828 0 6,828 303,347 .526
6/26 9,086 0 9,086 312,433 .541
6/27 8,083 0 8,083 320,516 .556
6/28 5,031 0 5,031 325,547 564
6/29 5,080 0 5,080 330,627 573
6/30 12,777 0 12,777 343,404 .595
7/ 1 5,447 0 5,447 348,851 .605
7/ 2 14,814 0 14,814 363,665 .630
7/ 3 7,538 0] 7,538 371,203 .643
7/ 4 3,108 0 3,108 374,311 649
7/ 5 3,735 0 3,735 378,046 .655
7/ 6 3,794 673 4,467 382,513 .663
1/ 7 2,674 30,623 33,297 415,810 721
7/ 8 2,230 12,895 15,125 430,935 747
7/ 9 4,044 1,527 5,571 436,506 .757
7/10 6,524 1,162 7,686 444,192 770
7/11 15,038 115 15,153 459,345 .796
7/12 4,210 18,393 22,603 481,948 .835
7/13 910 13,980 14,890 496,838 .861
7/14 630 11,267 11,897 508,735 .882
7/15 3,646 1,849 5,495 514,230 .891
7/16 781 10,004 10,785 525,015 910
7/17 608 7,701 8,309 533,324 924
7/18 501 8,468 8,969 542,293 940
7/19 282 9,107 9,389 551,682 .956
7/20 289 6,794 7,083 558,765 .968
7/21 523 6,125 6,648 565,413 .980
7/22 348 4,799 5,147 570,560 .989
7/23 208 3,455 3,663 574,223 .995
7/24 231 1,606 1,837 576,060 .998
7/25 35 890 925 576,985 1.000
After 7/25 0 0 0 576,985 1.000
Total 385,694 191,291 576,985
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Appendix Table 4e. Summary of the daily and cumulative return of sockeye salmon
for the Chignik Lake stock in 1979.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/17 43,420 14,329 57,749 57,749 047
6/17 5,991 0 5,991 63,740 .052
6/18 5,146 0 5,146 68,886 .056
6/19 5,089 0 5,089 73,975 .060
6/20 5,718 0 5,718 79,693 .065
6/21 6,091 0 6,091 85,784 070
6/22 3,184 0 3,184 88,968 .073
6/23 2,698 ] 2,658 91,666 .075
6/24 3,923 0 3,923 95,589 .078
6/25 3,409 0 3,409 98,998 .081
6/26 4,808 0 4,808 103,806 .085
6/27 4,527 0 4,527 108,333 .088
6/28 3,005 0 3,005 111,338 .091
6/29 3,271 0 3,271 114,609 .094
6/30 8,969 0 8,969 123,578 .101
7/ 1 4,212 0 4,212 127,790 .104
7/ 2 12,740 0 12,740 140,530 .115
7/ 3 7,289 0 7,289 147,819 121
7/ 4 3,552 0 3,552 151,371 124
7/ 5 5,082 0 5,082 156,453 .128
7/ 6 6,206 1,103 7,309 163,762 .134
7/ 7 5,326 60,994 66,320 230,082 .188
7/ 8 5,770 33,366 39,136 269,218 .220
7/ 9 11,004 4,155 15,159 284,377 .232
7/10 18,933 3,370 22,303 306,680 .250
7/11 46,772 358 47,130 353,810 .289
7/12 14,088 61,583 75,671 429,481 .351
7/13 3,302 50,647 53,949 483,430 .395
7/14 2,436 43,603 46,039 529,469 432
7/15 15,210 7,714 22,924 552,393 2451
7/16 3,551 45,487 49,038 601,431 491
7/17 2,830 35,880 38,710 640,141 .523
7/18 2,403 40,580 42,983 683,124 .558
7/19 1,260 40,597 41,857 724,981 592
7/20 1,205 28,283 29,488 754,469 616
7/21 2,633 30,869 33,502 787,971 .643
7/22 2,184 30,072 32,256 820,227 670
7/23 1,784 29,624 31,408 851,635 695
7/24 3,053 21,206 24,259 875,894 715
7/25 943 24,123 25,066 900,960 .736
7/26 1,590 23,552 25,142 926,102 .756
7/27 1,590 25,872 27,462 953,564 .779
7/28 1,086 21,615 22,701 976,265 797
7/29 1,614 11,665 13,279 989,544 .808
7/30 3,222 12,286 15,508 1,005,052 .821
7/31 1,613 10,480 12,093 1,017,145 .830
8/ 1 1,613 12,780 14,393 1,031,538 842
8/ 2 1,613 15,506 17,119 1,048,657 .856
8/ 3 1,613 13,704 15,317 1,063,974 .869
8/ & 1,613 2,402 4,015 1,067,989 .872
8/ 5 1,613 1,394 3,007 1,070,996 874
8/ 6 1,613 11,932 13,545 1,084,541 .885
8/ 7 1,613 9,875 11,488 1,096,029 .895
8/ 8 1,613 10,701 12,314 1,108,343 .905
8/ 9 1,613 7,834 9,447 1,117,790 .913
8/10 1,613 8,722 10,335 1,128,125 .921
8/11 1,613 753 2,366 1,130,491 .923
8/12 1,613 41 1,654 1,132,145 .924
After 8/12 29,034 63,681 92,715 1,224,860 1.000
Total 352,122 872,738 1,224,860
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Appendix Table 5a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1980.

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
5/22 0 0 0 0 0 0 0 0 u 0
5/23 0 0 0 0 0 0 0 0 0 0
5/24 0 0 0 ) 0 0 0 0 0 0
5/25 0 0 0 0 0 0 0 0 U 0
5/26 0 0 0. 0 0 0 0 0 0 0
5/27 0 0 0 0 0 0 0 0 0 0
5/28 0 0 0 0 0 0 0 0 0 0
5/29 0 0 0 0 0 0 0 0 0 0
5/30 1,230 0 0 0 0 0 0 0 0 1,230
5/31 94 0 0 0 0 0 0 0 0 94
6/ 1 72 0 0 0 0 0 0 0 0 72
6/ 2 42 0 0 0 0 0 0 0 0 42
6/ 3 1001 0 0 0 0 0 0 0 0 100
6/ 4 3001 0 0 0 0 0 0 0 0 300
6/ 5 5001 0 0 0 0 0 0 0 0 500
6/ 6 1,0001 0 0 0 0 0 0 0 0 1,000
6/ 7 2,000 0 0 0 0 0 0 0 0 2,000
6/ 8 3,000 0 0 0 0 0 0 0 0 3,000
6/ 9 4,0001 0 0 0 0 0 0 0 0 4,000
6/10 4,0001 0 0 0 0 0 0 0 0 4,000
6/11 5,000 0 0 0 0 0 0 0 0 5,000
6/12 5,0001 0 0 0 0 0 0 0 0 5,000
6/13 12,180 0 0 0 0 0 0 0 0 12,180
6/14 8,853 0 0 0 0 0 0 0 0 8,853
6/15 5,340 0 0 0 0 0 0 0 0 5,340
6/16 22,858 0 0 0 0 0 0 0 0 22,858
6/17 38,801 0 0 0 0 0 0 0 0 38,801
6/18 29,690 0 0 0 0 0 0 0 0 29,690
6/19 27,071 0 0 0 0 0 0 0 o 27,071
6/20 17,499 0 0 0 0 0 0 0 0 17,499
6/21 16,266 0 0 0 0 0 0 0 0 16,266
6/22 1,884 0 0 G o 0 0 0 0 1,884
6/23 10,000 0 0 0 0 0 0 0 0 10,000
6/24 9,656 295 0 0 0 0 0 0 0 9,951
6/25 10,499 0 0 0 0 0 0 0 0 10,499
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Appendix Table 5a.

Chignik daily sockeye salmon escapement,
Lagoon date, 1980 (continued).

catch by area, and total run adjusted to Chignik

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
6/26 6,214 0 0 0 0 0 0 4] 0 6,214
6/27 17,939 0 0 0 0 0 0 ] 0 17,939
6/28 14,226 0 0 V] 0 0 0 0 0 14,226
6/29 8,344 0 0 0 0 0 0 0 0 8,344
6/30 7,268 0 0 0 0 0 0 0 0 7,268
7/ 1 26,737 322 0 0 4] 0 0 0 0 27,059
7/ 2 46,469 0 0 a 4] ¢ 0 0 0 46,469
7/ 3 14,026 0 0 0 0 0 0 0 0 14,026
7/ 4 15,086 0 0 0 0 0 0 0 0 15,086
775 24,259 357 0 0 0 0 0 0 0 24,616
7/ 6 20,937 0 0 0 0 o] 0 0 0 20,937
7/ 7 21,343 0 0 0 0 0 0 0 0 21,343
7/ 8 64,743 0 0 0 o 0 V] 0 0 64,743
7/ 9 20,177 78,690 g 0 0 0 0 0 0 98,867
7/10 10,326 84,467 3,705 0 0 0 0 0 0 98,498
7/11 5,526 46,519 735 2,551 0 0 0 0 0 55,331
7/12 3,306 49,123 8,783 635 0 0 0 0 0 61,847
7/13 4,650 31,277 19,196 2,009 0 0 0 0 0 57,192
7/14 6,138 36,028 2,883 4,893 0 0 0 0 0 49,942
7/15 2,736 31,920 2,272 4,312 0 0 0 0 0 41,240
7/16 1,000 30,977 225 520 0 0 o] 0 0 32,722
7/17 2,832 28,457 4,150 9,828 0 0 0 0 0 45,267
7/18 3,322 25,599 4,687 6,162 0 0 2,105 0 0 41,875
7/19 2,578 23,311 142 4,316 400 0 723 0 0 31,530
7/20 1,194 20,593 4,654 2,421 0 0 5 0 0 28,6867
7/24 1,044 16,979 2,921 2,433 0 0 0 0 0 23,317
7/22 1,446 13,989 1,401 2,594 0 0 0 0 0 19,430
7/23 1,640 10,296 2,031 5,064 0 0 0 0 0 19,031
7/24 2,298 9,523 575 4,327 0 0 0 0 0 16,723
7/25 3,050 11,507 0 2,120 0 0 106 ¢ 0 16,783
7/26 4,270 227 0 0 0 0 1,096 0 0 5,593
7/27 5,844 402 0 0 0 0 1,097 591 g 7,934
7/28 2,156 8,928 0 0 0 0 603 984 0 12,671
7/29 1,840 7,616 885 0 0 0 323 728 0 11,392
7/30 2,159 7,863 1,404 1,290 0 449 390 422 0 13,977
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Appendix Table 5a. Chignik daily sockeye salmon escapement, catch by area. and to . L
! s tal r d t
Lagoon date, 1980 (continued). Y un adjusted to Chignik

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
7/31 1,6132 8,885 7104 1,190 0 0 0 211 0 12,603
8/ 1 1,613 9,686 469 478 0 0 44 0 0 12,290
8/ 2 1,613 75 196 1,221 0 0 0 179 0 3,284
8/ 3 1,613 0 0 1,198 0 0 i 0 4] 2,812
8/ 4 1,613 11,816 0 0 0 0 0 0 0 13,429
8/ 5 1,613 6,744 842 0 0 0 14 0 0 9,213
8/ 6 1,613 3,658 1,282 673 0 0] 576 0 0 7,802
8/ 7 1,613 4,150 927 690 0 0 321 506 0 8,207
8/ 8 1,613 3,382 1,767 521 0 0 251 327 0 7,861
8/ 9 1,613 0 679 319 0 0 6 154 0 2,771
8/10 1,613 274 0 343 180 0 0 89 0 2,499
8/11 1,613 8,622 0 31 97 0 0 0 0 10,363
8/12 1,613 3,545 458 0 173 0 0 0 0 5,789
8/13 1,613 3,835 37 348 11 0 ] 0 0 5,844
8/14 1,613 4,298 1,167 175 19 0 679 0 0 7,951
8/15 1,613 3,835 1,072 233 0 0 204 266 0 7,223
8/16 1,613 679 110 220 13 0 334 823 0 3,792
8/17 1,613 0 0 129 9 0 174 539 0 2,464
8/18 1,613 4,768 0 0 12 0 60 517 0 6,970
8/19 1,613 6,276 58 0 0 0 0 ] 0 7,947
8/20 1,613 7,964 253 0 0 0 38 0 0 9,868
8/21 1,613 5,888 309 0 0 0 0 0 0 7,810
8/22 1,613 3,612 163 0 0 0 0 0 0 5,388
8/23 1,613 0 7 0 0 0 0 0 0 1,620
8/24 1,613 303 0 0 0 0 0 0 0 1,916
8/25 1,613 5,239 0 11 0 0 4] 0 0 6,863
8/26 1,613 3,970 0 58 0 0 0 0 0 5,641
8/27 1,613 3,490 0 75 1 ¢] 9 0 0 5,188
8/28 1,613 2,794 0 24 6 0 0 0 0 4,437
8/29 1,613 4,091 0 0 2 0 65 0 0 5,771
8/30 1,613 0 0 27 4 0 0 0 0 1,644
8/31 0 0 0 0 0 0 3 0 0 3
9/ 1 0 1,985 0 0 0 0 0 u 0 1,985
9/ 2 0 1,562 0 0 0. 0 ] 0 0 1,562
9/ 3 0 824 0 0 ¢] 0 0 0 4] 824
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Appendix Table 5a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1980 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily
Lagoon Kujulik District Igvak District District Total
9/ 4 o] 0 0 0 0 0 0 6] 0 0
9/ 5 0 4] [¢] 0 0 0 0 0 0 0
9/ 6 0 0 0 0 ¢] Q 0 0 0 0
9/ 7 0 0 0 0 0 0 0 0 0 0
9/ 8 0 2,817 0 4] 0 4] 0 0 0 2,817
9/ 9 0 2,116 0 0 0 0 0 0 0 2,116
9/10 0 1,396 0 0 0 0 0 0 0 1,396
9/11 0 238 0 0 [¢] Q 0 0 0] 238
9/12 0 475 0 0 0 0 0 0 0 475
9/13 0 150 0 0 0 0 0 0 ¢} 150
9/14 0 61 0 0 0 0 0 0 0 61
9/15 0 0 0 0 0 0 0 0 0 0
9/16 4] 4] 0 0 0 0 0 0 0 0
9/17 0 0 0 0 0 0 0 0 0 0
9/18 0 0 0 0 0 0 0 (o] 4] 0
9/19 0 0 0 0 0 0 0 0 0 0
9/20 0 0 0 0 0 0 6] 0 0 0
9/21 0 0 0 0 0 0 1] 0 0 0
9/22 0 0 0 0 0 0 [¢] 0 ¢} 0
9/23 0 0 0 0 0 0 0 0 0 0
9/24 0 0 0 0 0 0 0 0 0 0
9/25 0 0 0 0 0 0 Q 0 o} 6]
9/26 0 0 0 0 0 0 4] 0 0 0
9/27 o 0 0 0 0 0 1] 0 0 0
9/28 0 0 0 0 0 0 0 0 0 0
9/29 0 0 0] 0 0 0 0 0 0 0
9/30 4] 0 [¢] 0 0 0 0 0 0 0
Total 664,061 708,828 71,149 63,499 927 449 9,277 6,366 0 1,524,4763

1 Escapement estimated.

2 Prorated for an estimated escapement of 50,000 in August.

* Does not include the Stepovak catch of 98,247 for which there were no daily estimates.
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Appendix Table 5c. Age composition of sockeye salmon scale samples collected at Black Lake outlet during
1980, by percent of sample.

Age

Sample Sample - - -

Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other
6/26 63 0.0 0.0 20.6 0.0 0.0 36.5 42.9 0.0 0.0 0.0 0.0
6/27 343 0.0 0.0 16.9 1.5 0.0 37.6 43.4 0.0 0.0 0.0 .6
6/29 312 .3 0.0 15.4 4.5 0.0 35.6 42.6 0.0 0.0 0.0 1.6
6/30 318 .3 0.0 17.0 3.2 0.0 37.7 40.6 0.0 0.0 .3 .9
7/ 2 154 0.0 0.0 17.5 1.9 0.0 37.0 41.6 0.0 0.0 0.0 2.0
7/ 3 177 0.0 0.0 27.1 3.4 0.0 35.0 34.5 0.0 0.0 0.0 0.0
Mean 0.10 0.22 19.08 2.42 0.0 36.57 40.93 0.0 0.0 0.05 0.12




Appendix Table 5d. Summary of the daily and cumulative return of sockeye
salmon for the Black Lake stock in 1980.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/ 1 1,320 0 1,320 1,320 .003
6/ 1 66 o] 66 1,386 .003
6/ 2 36 0 36 1,422 .003
6/ 3 83 0 83 1,505 .003
6/ 4 231 0 231 1,736 004
6/ 5 363 0 363 2,099 .005
6/ 6 678 0 678 2,777 .006
6/ 7 1,234 0 1,234 4,011 .009
6/ 8 1,665 0 1,665 5,676 012
6/ 9 2,352 0 2,352 8,028 .017
6/10 2,483 0 2,483 10,511 .023
6/11 3,260 0 3,260 13,771 .030
6/12 3,221 Q 3,221 16,992 .036
6/13 7,745 0 7,745 24,737 .053
6/14 5,697 0 5,697 30,434 .065
6/15 3,475 0 3,475 33,909 .073
6/16 15,041 o] 15,041 48,950 .105
6/17 25,798 0 25,798 74,748 .160
6/18 19,030 0 19,030 93,778 .201
6/19 16,680 0 16,680 110,458 .237
6/20 10,335 0 10,335 120,793 .259
6/21 9,175 0 9,175 129,968 279
6/22 1,011 0 1,011 130,979 .281
6/23 5,086 0 5,086 136,065 .292
6/24 5,064 155 5,219 141,284 .303
6/25 5,648 0 5,648 146,932 315
6/26 3,410 0 3,410 150,342 .323
6/27 9,995 0 9,995 160,337 344
6/28 8,013 0 8,013 168,350 .361
6/29 4,729 0 4,729 173,079 371
6/30 4,126 0 4,126 177,205 .380
7/ 1 15,139 183 15,322 192,527 413
7/ 2 25,208 0 25,208 217,735 467
7/ 3 7,269 0 7,269 225,004 .483
7/ 4 7,446 0 7,446 232,450 499
7/5 11,363 167 11,530 243,980 .523
7/ 6 9,593 0 9,593 253,573 544
7/ 7 9,554 ¢] 9,554 263,127 .565
7/ 8 28,275 0 28,275 291,402 .625
7/ 9 8,584 33,481 42,065 333,467 715
7/10 4,275 36,501 40,776 374,243 .803
7/11 1,585 14,282 15,867 390,110 .837
7/12 778 13,786 14,564 404,674 .868
7/13 1,057 11,936 12,993 417,667 .896
7/14 1,147 8,175 9,322 426,989 916
7/15 408 5,744 6,152 433,141 .929
7/16 132 4,182 4,314 437,455 .939
7/17 318 4,765 5,083 442,538 .949
7/18 384 4,449 4,833 447,371 .960
7/19 315 3,549 3,864 451,235 .968
7/20 162 3,770 3,932 455,167 977
7/21 155 3,347 3,502 458,669 .984
7/22 178 2,231 2,409 461,078 .989
7/23 161 1,713 1,874 462,952 .993
7/24 185 1,172 1,357 464,309 .996
After 7/24 611 1,172 1,783 466,092 1.000
Total 311,332 154,760 466,092
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Appendix Table 5e. Summary of the daily and cumulative return of sockeye
salmon for the Chignik Lake stock in 1980.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/22 74,928 0 74,928 74,928 071
6/22 873 0 873 75,801 .072
6/23 4,914 0 4,914 80,715 .076
6/24 4,592 140 4,732 85,447 .081
6/25 4,851 0 4,851 90,298 .085
6/26 2,804 0 2,804 93,102 .088
6/27 7,944 0 7,944 101,046 .095
6/28 6,213 0 6,213 107,259 .101
6/29 3,615 0 3,615 110,874 .105
6/30 3,142 0 3,142 114,016 .108
7/ 1 11,598 139 11,737 125,753 .119
7/ 2 21,261 0 21,261 147,014 .139
7/ 3 6,757 0 6,757 153,771 145
7/ 4 7,640 0 7,640 161,411 .153
7/ 5 12,896 190 13,086 174,497 .165
7/ 6 11,344 0 11,344 185,841 176
7/ 7 11,789 0 11,789 197,630 .187
7/ 8 36,468 0 36,468 234,098 .221
7/ 9 11,593 45,209 56,802 290,900 275
7/10 6,051 51,671 57,722 348,622 .329
7/11 3,941 35,523 39,464 388,086 367
7/12 2,528 44,755 47,283 435,369 411
7/13 3,593 40,606 44,199 479,568 2453
7/14 4,991 35,629 40,620 520,188 W491
7/15 2,328 32,760 35,088 555,276 .525
7/16 868 27,540 28,408 583,684 .551
7/17 2,514 37,670 40,184 623,868 .589
7/18 2,938 34,104 37,042 660,910 624
7/19 2,263 25,403 27,666 688,576 651
7/20 1,032 23,903 24,935 713,511 674
7/21 889 18,986 19,875 733,386 .693
7/22 1,268 15,753 17,021 750,407 .709
7/23 1,479 15,678 17,157 767,564 725
7/24 2,113 13,253 15,366 782,930 740
7/25 2,855 12,852 15,707 798,637 .755
7/26 4,069 1,260 5,329 803,966 .760
7/27 5,661 2,025 7,686 811,652 767
7/28 2,124 10,352 12,476 824,128 .779
7/29 1,840 9,552 11,392 835,520 .789
7/30 2,159 11,818 13,977 849,497 .803
7/31 1,613 10,990 12,603 862,100 .815
8/ 1 1,613 10,677 12,290 874,390 .826
8/ 2 1,613 1,671 3,284 877,674 .829
8/ 3 1,613 1,199 2,812 880,486 .832
8/ 4 1,613 11,816 13,429 893,915 .845
8/ 5 1,613 7,600 9,213 903,128 .853
8/ 6 1,613 6,189 7,802 910,930 .861
8/ 7 1,613 6,5% 8,207 919,137 .868
8/ 8 1,613 6,248 7,861 926,998 .876
8/ 9 1,613 1,158 2,771 929,769 .878
8/10 1,613 886 2,499 932,268 .881
8/11 1,613 8,750 10,363 942,631 .891
8/12 1,613 4,176 5,789 948,420 .896
8/13 1,613 4,231 5,844 " 954,264 .902
8/14 1,613 6,338 7,951 962,215 .909
8/15 1,613 5,610 7,223 969,438 916
8/16 1,613 2,179 3,792 973,230 920
After 8/16 22,582 62,572 85,154 1,058,384 1.000
Total 352,729 705,655 1,058,384
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Appendix Table 6a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1981.

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
5/22 0 0 ] 0 0 0 0 0 0 0
5/23 0 0 0 0 0 0 0 0 0 0
5/24 36 0 0 0 0 0 0 0 0 36
5/25 0 Q 0 0 0 0 0 0 0 0
5/26 54 0 0 4] 0 0 0 0 0 54
5/27 318 0 0 0 0 0 0 0 0 318
5/28 911 0 0 0 0 0 0 0 0 911
5/29 1,834 0 0 0 [¢] 4] 0 4] 0 1,834
5/30 7,773 0 0] 0 0 0 0 0 0 7,773
5/31 11,207 0 0 0 0 0 0 0] 0 11,207
6/ 1 10,409 0 0 0 0 0 0 0 0 10,409
6/ 2 25,358 0 0 0 0 0 Q 0 0 25,358
6/ 3 38,460 0 0 0 0 0 (¢] 0 0 38,460
6/ 4 61,204 0 0 0 0 0 0 0 0 61,204
6/ 5 90,963 0 4] 0 0 0 0 0 0 90,963
6/ 6 72,937 438 0 0 0 0 0 0 0 73,375
6/ 7 31,832 0 0 0 0 0 0 0 0 31,832
6/ 8 3,055 106,260 0 0 0 0 4] 0 0 109,315
6/ 9 5,926 56,508 0 ] g 0 0 0 0 62,434
6/10 3,386 64,258 9,385 3,101 0 G 0 0 0 80,130
6/11 1,993 47,797 2,050 8,457 0 0 0 0 0 60,297
6/12 2,882 44,932 6,913 9,474 0 0 0 4] 0 64,201
6/13 23,332 520 5,635 5,061 0 0 Q 0 0 34,548
6/14 50,423 603 1,317 11,041 0 0 0 0 0 63,384
6/15 5,698 51,337 0 8,581 0 0 0 0 0 65,616
6/16 817 37,820 5,191 0 0] 0 0 0 0 43,828
6/17 751 27,263 7,926 2,768 0 0 0 o] 4] 38,708
6/18 4,320 29,484 11,725 4,510 0 16,773 0 0 0 66,812
6/19 4,374 19,953 9,506 2,978 0 10,931 0 0 0 47,742
6/20 12,992 a 3,018 6,119 0 0 0 0 0 22,129
6/21 18,758 0 0 3,338 0 12,230 0 0 0 34,326
6/22 26,765 0 0 0 0 15,027 0 4] 0 41,792
6/23 8,162 0 604 0 0 19,430 0 0 0 28,196
6/24 1,332 50,766 0 0 0 19,252 0 0 0 71,350
6/25 7,187 0 5,885 0 0 25,596 0 0 0 38,668
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Appendix Table 6a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1981 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily
Lagoon Kujulik District Igvak District District Total

6/26 22,805 0 0 9,923 0 0 0 0 0 32,728
6/27 25,828 0. 0 0 0 0 0 0 0 25,828
6/28 19,876 360 0 0 0 Q 0 0 0 20,236
6/29 25,489 0 0 0 0 0 0 0 0 25,489
6/30 23,822 0 0 0 0 0 0 0 0 23,822
7/ 1 20,826 46,814 0 0 0 0 0 0 0 67,640
7/ 2 7,713 35,343 6,588 0 0 0 0 0 0 49,644
7/ 3 6,978 44,816 1,611 4,590 0 0 0 0 0 57,995
7/ 4 17,196 0 5,322 1,170 0 0 0 3 0 23,691
7/ 5 8,580 54,263 0 3,827 0] 0 0 7 0 66,677
7/ 6 2,646 39,733 9,207 0 0 16,794 0 329 0 68,709
1/ 7 1,745 45,641 4,869 3,356 Q 16,350 10 308 0 72,279
7/ 8 1,507 40,276 5,790 4,641 0 13,365 0 0 0 65,579
7/ 9 1,603 43,662 5,226 4,444 0 27,708 0 0 0 82,643
7/10 1,790 41,354 12,885 3,086 0 54,930 1,321 0 0 115,366
7/11 2,439 32,309 13,877 4,606 0 0 753 0 0 53,984
7/12 1,530 22,874 15,115 0 0 0 0 0 0 39,519
7/13 1,374 30,343 23,259 2,754 0 0 0 0 0 57,730
7/14 1,962 38,184 19,024 4,949 ] 0 0 0 0 64,119
7/15 3,963 17,771 7,310 3,281 0 0 0 0 0 32,325
7/16 2,632 23,360 12,672 5,051 0 0 0 0 0 43,715
7/17 2,476 17,170 21,860 5,328 0 0 187 0 0 47,021
7/18 9,177 0 6,539 3,974 0 3,902 2,257 0 0 25,849
7/19 9,174 4,501 0 741 (4] 8,920 1,175 172 0 24,683
~7/20 1,824 22,485 411 0 0 9,960 156 25 0 34,861
7/21 2,454 12,836 7,346 464 o] 2,977 0 0 0 26,077
7/22 3,006 11,960 5,501 4,540 0 3,394 0 a 0 28,401
7/23 2,928 7,917 4,152 5,678 0 0 0 0 0 20,675
7/24 1,410 6,923 3,377 1,330 0] 0 0 0 0 13,040
7/25 1,365 6,822 2,012 972 213 4] 0 0 0 11,384
7/26 1,932 5,128 1,771 748 0 2,331 0 0 0 11,910
7/27 | 1,632 9,117 3,183 3,439 21 1,468 0 67 0 18,927
7/28 1,573 10,711 1,680 1,236 26 1,209 0 0 0 16,435
7/29 2,424 9,953 2,245 1,573 366 134 0 0 0 16,695
7/30 2,321 10,468 2,091 1,734 0 1,002 0 0 0 17,616
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Appendix Table 6a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1981 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
7/31 1,6131 8,269 2,226 1,649 0 0 373 0 0 14,130
8/ 1 1,613 0 1,055 3,324 0 0 1,188 228 0 7,408
8/ 2 1,613 0 0 3,357 0 0 2,233 625 0 7,828
8/ 3 1,613 10,285 0 0 0 0 0 967 0 12,865
8/ 4 1,613 9,046 1,177 o] 0 0 0 0 0 11,836
8/ 5 1,613 6,852 622 2,967 0 0 0 0 0 12,054
8/ 6 1,613 6,813 286 26 0 0 454 0 0 9,192
8/ 7 1,613 6,489 424 2,191 64 0 2,844 162 0 13,787
8/ 8 1,613 0 500 1,562 137 0 654 675 0 5,141
8/ 9 1,613 0 0 1,173 702 (4] 423 323 4] 4,234
8/10 1,613 10,250 0 0 27 0 80 208 0 12,178
8/11 1,613 5,140 285 0 0 0 0 0 0 7,038
8/12 1,613 3,565 84 1,243 0 0 2 0 0 6,507
8/13 1,613 6,550 1,169 0 14 0 176 158 0 9,680
8/14 1,613 8,307 1,166 1,108 25 0 105 191 0 12,515
8/15 1,613 0 1,636 734 6 0 127 626 0 4,742
8/16 1,613 0 0 347 35 0 174 579 0 2,748
8/17 1,613 7,070 0 0 0 0 59 667 0 9,409
8/18 1,613 4,745 1,022 4] 0 4] ¢] 0 o 7,380
8/19 1,613 4,072 384 138 0 0 0 97 0 6,304
8/20 1,613 1,440 1,356 122 0 0 0 0 0 4,531
8/21 1,613 1,628 4 63 0 0 0 0 0 3,308
8/22 1,613 0 0 0 0 0 0 0 0 1,613
8/23 1,613 0 0 0 0 0 0] 0 0 1,613
8/24 1,613 5,598 0 0 0 0 0 0 0 7,211
8/25 1,613 3,251 385 Q 0 0 0 0 0 5,249
8/26 1,613 1,704 0] 0 0 0 0 0 0 3,317
8/27 1,613 1,573 4] 0 (4] 0 0 0 0 3,186
8/28 1,613 0 0 0 0 0 0 0 4] 1,613
8/29 1,613 0 0 0 0 0 0 0 0 1,613
8/30 1,610 0 0 0 0 0 0 0 4] 1,610
8/31 0 0 0 0 0 0 0 0 0 0
Total 831,449 1,343,680 287,859 172,867 1,636 283,683 14,751 6,417 o] 2,942,3422

! Prorated for an estimated escapement of 50,000 in August.

2 Does not include the Stepovak catch of 118,000 for which there were no daily estimates.



]

XM~ NFTOTFTTOOODODODOOO
e & e & e & 2 * ® & & o s

2.3 3.3 1.4 2.4 Other

Age
1.3

3.2

2.2
5.8

ye salmon scale samples collected in Chignik Lagoon during 198]
o2

1
7.8

2.1

Age composition of socke
1.1

by percent of sample.

Sample
265
288
289
265
257
298
258
278
254
239

Size

Sample
Date
6/ 8
6/11
6/15
6/17
6/19
6/22
6/24
6/28
7/ 1

Appendix Table 6b.
6/ 3

o NeNoleNeNoNeoNo

S OO+ T OO~NOO
. e " ¢ & e s e
oo oo oo

" * L[]
[=NeNeNeNeNoNoNeoNoNo)

0.0
0

3

4
.0
8

0
.0
.8
.0

NNV OTNOONN
e e o * ® & & o
OV OFT ONFTNOON
W PRSI ON N WD
VNN 00
¢ e & s = e s @
Y O O O T WL 0O
Y N et o~ o~ N

1.1

OO NWO N~ MO
L *® & & & @ s @

—t o e e e N =l

2.7

COOL+ONOIFTOO
e 8 & 5 8 & & 8 v
S oo O N O leNe

COCCOTOOLOoOXLO
® @& 4 & ¢ s ¥ e o
CSCOOOOCOOC O ]

NN N0 0N
NeRTa T oI Ta IRV IRV NS S S NS 2]
N NN NNNN N~ -
N OCAN~OT NN

—_ N M — NN
e T e i
| T T N e S A« o e o e ol < o]




“vLL-

Appendix Table 6c. Age composition of sockeye salmon scale samples collected at Black Lake outlet during
1981, by percent of sample.

Age
Sample Sample - - - -
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other
6/ 9 128 0.0 0.0 8.6 .8 0.0 78.1 10.9 0.0 0.0 0.0 1.6
6/10 222 0.0 0.0 16.2 1.8 0.0 71.6 9.0 0.0 0.0 0.0 1.4
6/12 193 0.0 0.0 6.7 2.6 0.0 74.1 15.6 0.0 0.0 0.0 1.0
6/13 181 0.0 0.0 13.3 5 0.0 72.9 12.2 0.0 0.0 0.0 1.1
6/21 182 0.0 0.0 6.6 1.6 0.0 73.1 18.7 0.0 0.0 0.0 0.0
6/22 177 0.0 0.0 6.2 0.0 0.0 81.4 12.4 0.0 0.0 0.0 0.0
Mean 0.0 0.0 9.60 1.22 0.0 75.20 13.13 0.0 0.0 0.0 0.85




Appendix Table 6d. Summary of the daily and cumulative return of sockeye
salmon for the Black Lake stock in 1981.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proporcion
Prior 5/31 9,773 o] 9,773 9,773 .0U8
5/31 9,706 0 9,706 19,479 017
6/ 1 8,817 0 8,817 28,296 024
6/ 2 20,995 0 20,995 49,291 .043
6/ 3 31,105 0 31,105 80,396 .069
6/ 4 47,323 0 47,323 127,719 .110
6/ 5 67,104 0 67,104 194,823 .168
6/ 6 51,219 309 51,528 246,351 .213
6/ 7 21,227 -0 21,227 267,578 .231
6/ 8 1,930 67,098 69,028 336,606 .291
6/ 9 3,440 32,797 36,237 372,843 .322
6/10 1,796 40,694 42,490 415,333 .359
6/11 958 28,047 29,005 444,338 .384
6/12 1,362 28,987 30,349 474,687 410
6/13 10,843 5,212 16,055 490,742 424
6/14 23,037 5,922 28,959 519,701 449
6/15 2,561 26,925 29,486 549,187 474
6/16 395 20,764 21,159 570,346 493
6/17 388 19,533 19,921 590,267 .510
6/18 2,244 32,452 34,696 624,963 540
6/19 2,308 22,891 25,199 650,162 .562
6/20 6,685 4,701 11,386 661,548 572
6/21 9,401 7,803 17,204 678,752 .586
6/22 13,044 7,325 20,369 699,121 604
6/23 3,815 9,365 13,180 712,301 615
6/24 603 31,786 32,389 744,690 .643
6/25 3,156 13,825 16,981 761,671 .658
6/26 9,724 4,229 13,953 775,624 .670
6/27 10,734 0 10,734 786,358 .679
6/28 8,086 145 8,231 794,589 .686
6/29 10,357 0 10,357 804,946 .695
6/30 9,703 0 9,703 B14,649 .704
/1 8,530 19,172 27,702 842,351 .728
/2 2,876 15,639 18,515 860,866 744
7/ 3 2,344 17,130 19,474 880,340 .761
7/ 4 6,120 2,313 8,433 888,773 .768
/5 3,206 21,709 24,915 913,688 .789
7/ 6 1,030 25,703 26,733 940,421 .812
7/ 7 652 26,297 26,949 967,370 .836
7/ 8 536 22,782 23,318 990,688 .856
7/°9 541 27,333 27,874 1,018,562 .880
7/10 553 35,117 35,670 1,054,232 911
7/11 685 14,476 15,161 1,069,393 .924
7/12 388 9,585 9,973 1,079,366 .932
7/13 327 13,440 13,767 1,093,133 944
7/14 440 13,966 14,406 1,107,539 .957
7/15 835 5,979 6,814 1,114,353 .963
7/16 517 8,096 8,613 1,122,966 .970
7/17 454 8,162 8,616 1,131,582 .978
7/18 1,554 2,825 4,379 1,135,961 .981
7/19 1,427 2,411 3,838 1,139,799 .985
7/20 258 4,683 4,941 1,144,740 .989
7/21 313 3,021 3,334 1,148,074 .992
After 7/21 1,115 8,330 9,445 1,157,519 1.000
Total 438,540 718,979 1,157,519
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Appendix Table 6e. Summary of the daily and cumulative return of sockeye
salmon for the Chignik Lake stock in 1981.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/10 89,638 63,002 152,640 152,640 .086
6/10 1,590 36,050 37,640 190,280 .107
6/11 1,035 30,257 31,292 221,572 124
6/12 1,520 32,332 33,852 255,424 L143
6/13 12,489 6,004 18,493 273,917 .153
6/14 27,386 7,039 34,425 308,342 J173
6/15 3,137 32,993 36,130 344,472 .193
6/16 422 22,247 22,669 367,141 .206
6/17 363 18,424 18,787 385,928 .216
6/18 2,076 30,040 32,116 418,044 .234
6/19 2,066 20,477 22,543 440,587 247
6/20 6,307 4,436 10,743 451,330 .253
6/21 9,357 7,765 17,122 468,452 .262
6/22 13,721 7,702 21,423 489,875 274
6/23 4,347 10,669 15,016 504,891 .283
6/24 729 38,232 38,961 543,852 2305
6/25 4,031 17,656 21,687 565,539 .317
6/26 13,081 5,694 18,775 584,314 327
6/27 15,094 0 15,094 599,408 .336
6/28 11,790 215 12,005 611,413 343
6/29 15,132 0 15,132 626,545 .351
6/30 14,119 0 14,119 640,664 +359
7/ 1 12,296 27,642 39,938 680,602 .381
7/ 2 4,837 26,292 31,129 711,731 .399
7/ 3 4,634 33,887 38,521 750,252 .420
7/ 4 11,076 4,182 15,258 765,510 429
7/ 5 5,374 36,388 41,762 807,272 452
7/ 6 1,616 40,360 41,976 849,248 476
7/ 7 1,093 44,237 45,330 894,578 2501
7/ 8 971 41,290 42,261 936,839 525
7/ 9 1,062 53,707 54,769 991,608 .556
7/10 1,237 78,459 79,696 1,071,304 .600
7/11 1,754 37,069 38,823 1,110,127 622
7/12 1,142 28,404 29,546 1,139,673 .639
7/13 1,047 42,916 43,963 1,183,636 .663
7/14 1,522 48,191 49,713 1,233,349 .691
7/15 3,128 22,383 25,511 1,258,860 .705
7/16 2,115 32,987 35,102 1,293,962 .725
7/17 2,022 36,383 38,405 1,332,367 746
7/18 7,623 13,847 21,470 1,353,837 .759
7/19 7,747 13,098 20,845 1,374,682 770
7/20 1,566 28,354 29,920 1,404,602 .787
7/21 2,141 20,602 22,743 1,427,345 .800
7/22 2,664 22,503 25,167 1,452,512 814
7/23 2,635 15,974 18,609 1,471,121 824
7/24 1,289 10,632 11,921 1,483,042 .831
7/25 1,267 9,300 10,567 1,493,609 .837
7/26 1,821 9,407 11,228 1,504,837 .843
7/27 1,562 16,550 18,112 1,522,949 .853
7/28 1,528 14,435 15,963 1,538,912 .862
7/29 2,389 14,066 16,455 1,555,367 .871
7/30 2,321 15,295 17,616 1,572,983 .881
7/31 1,613 12,517 14,130 1,587,113 .889
8/ 1 1,613 5,795 7,408 1,594,521 .893
8/ 2 1,613 6,215 7,828 1,602,349 .898
8/ 3 1,613 11,252 12,865 1,615,214 .905
8/ 4 1,613 10,223 11,836 1,627,050 .912
After 8/ 4 41,935 115,838 157,773 1,784,823 1.000
Total 392,909 1,391,914 1,784,823
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Appendix Table 7a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1982.

Date Escapement Chignik Hook Bay/  Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujul ik District Igvak District District Total
5/22 0 0 0 0 0 0 0 0 0 0
5/23 0 0 0 0 0 0 0 0 0 0
5/24 0 0 0 0 0 0 0 0 0 0
5/25 0 0 0 0 0 0 0 0 0 0
5/26 0 0 0 0 0 0 0 0 0 0
5/21 0 0 0 0 0 0 0 0 0 0
5/28 0 0 0 0 0 0 0 0 0 0
5/29 0 0 0 0 0 0 0 0 0 0
5/30 18 0 0 0 0 0 0 0 0 18
5/31 120 0 0 0 0 0 0 0 0 120
6/ 1 174 0 0 0 0 0 0 0 0 174
6/ 2 72 0 0 0 0 0 o 0 0 72
6/ 3 414 0 0 0 0 0 0 0 0 414
6/ 4 251 0 0 0 0 ] 0 0 0 251
6/ 5 1,221 0 0 0 0 0 0 0 0 1,221
6/ 6 699 0 0 0 0 0 0 0 0 699
6/ 7 157 0 0 0 0 0 0 0 0 157
6/ 8 661 0 0 0 0 0 0 0 0 661
6/ 9 14,142 0 0 0 0 0 0 0 0 14,142
6/10 9,556 0 0 0 0 0 0 0 0 9,556
6/11 21,182 0 0 0 0 0 0 0 0 21,182
6/12 10,634 0 0 0 0 0 0 0 0 10,634
6/13 39,650 0 0 0 0 0 0 0 0 39,650
6/14 66,515 0 0 0 0 0 0 0 0 66,515
6/15 38,689 0 0 0 0 0 0 0 0 38,689
6/16 73,801 0 0 0 0 0 0 0 0 73,801
6/17 150,974 0 0 0 0 0 0 0 0 150,974
6/18 37,890 299,415 0 0 0 0 0 0 0 337,305
6/19 5,410 101,674 0 0 o 0 0 0 0 107,084
6/20 12,399 109,762 3,555 0 0 1,130 0 0 0 126,846
6/21 4,794 89,557 0 993 0 10,626 0 0 0 105,970
6/22 3,174 44,803 7,059 3,134 0 0 0 0 0 58,170
6/23 12,054 50,459 4,808 4,638 86 4,944 0 0 0 76,989
6/24 9,413 66,967 1,671 3,913 0 25,079 0 0 0 107,043
6/25 3,116 44,962 1,668 3,569 0 32,099 0 0 0 85,414
6/26 2,061 69,103 5,624 398 0 9,702 0 0 0 86,888
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Appendix Table 7a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1982 (continued).

Date Escapement Chignik Hook Bay/  Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujul ik District Igvak District District Total
6/27 8,138 31,623 4,152 180 0 44,590 0 0 0 88,683
6/28 6,828 41,002 0 0 0 21,961 0 0 0 69,791
6/29 5,560 43,511 0 631 0 3,454 0 0 0 53,156
6/30 2,398 32,39 500 620 0 4,496 0 0 0 40,410
7/ 1 4,173 0 1,665 287 0 0 0 0 0 6,125
2 31,110 0 0 157 0 0 0 0 0 31,267
7/ 3 21,207 377 0 0 0 0 455 0 0 22,039
7/ 4 23,703 86 0 0 0 0 12 0 0 23,801
/5 12,215 0 0 0 0 0 3,928 1 0 16,144
1/ 6 12,448 0 0 0 0 0 0 0 0 12,448
/7 3,641 64,828 0 0 0 0 0 0 0 68,469
7/ 8 2,636 19,351 0 0 0 [ 0 0 0 21,987
Y9 2,920 18,085 555 0 0 0 0 0 Yy 21,560
7/10 522 19,867 -0 0 0 0 1,790 0 0 22,179
7/11 620 265 361 474 0 0 1,735 0 0 3,455
7/12 1,461 0 57 88 0 495 0 0 0 2,101
7/13 1,642 0 149 0 0 2,876 0 0 0 4,667
/14 2,039 338 0 0 0 3,194 1,181 0 0 6,752
/15 7,553 0 0 0 1] 2,741 137 0 [} 10,431
7/16 4,221 0 0 0 0 0 828 0 0 5,049
/17 10,024 0 0 0 0 0 0 0 0 10,024
7/18 13,970 0 0 0 0 0 0 0 0 13,970
/19 9,862 0 0 0 0 0 0 0 1] 9,862
7/20 17,856 414 0 0 0 0 2,268 0 0 20,538
v/ 13,631 0 0 0 239 0 2,241 pak 0 16,132
/22 17,374 0 1] 0 1] 0 1,400 0 0 18,774
/23 11,29 400 0 0 0 0 0 0 0 11,696
7/24 6,960 43 0 4 0 0 0 0 0 7,007
7/25 1,251 29,833 0 136 6 0 0 0 0 31,226
/26 737 10,055 0 0 0 0 713 0 0 11,505
/27 1,034 8,655 0 0 0 0 1,017 10 0 10,716
/28 2,935 0 0 0 0 0 604 20 0 3,559
7/29 3,517 0 0 0 0 1} 151 4] [y 3,668
7/30 2,995 0 0 682 0 0 0 0 0 3,677
7/31% 1,613 0 0 0 0 0 0 0 0 1,613
8/ 1 1,613 0 282 0 0 0 0 0 0 1,895

-Continued-



~6/1-

Appendix Table 7a. Chignik daily sockeye salmon escapement, catch by area, and total r ' oo
’ > un adjusted
Lagoon date, 1982 (continued). Y Justed to Chignik

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
8/ 2 1,613 0 923 726 0 0 1,008 2 0 4,272
8/ 3 1,613 6,586 994 610 0 0 1,179 10 0 10,992
8/ 4 1,613 4,503 495 824 0 0 1,377 0 0 8,812
8/ 5 1,613 4,511 557 0 0 0 1,254 165 0 8,140
8/ 6 1,613 522 1,833 1,827 0 0 1,320 23 0 7,138
8/ 17 1,613 0 0 890 0 0 326 39 0 2,868
8/ 8 1,613 0 0 0 83 0 0 19 0 1,715
8/ 9 1,613 8,355 0 0 0 0 0 0 0 9,968
2/10 1,613 4,208 0 0 0 0 0 0 0 5,821
8/11 1,612 4,209 882 1,442 0 0 824 0 0 8,970
8/12 1,613 89 97 96 0 0 819 10 0 2,724
8/13 1,613 604 724 201 4 894 1,098 20 0 5,158
8/14 1,613 0 1,852 901 0 0 866 46 0 5,278
8/15 1,613 0 0 320 0 0 1,117 6 0 3,056
8/16 1,613 6,922 0 0 1 0 0 0 0 8,536
8/17 1,613 6,584 574 0 - 0 0 90 0 0 8,861
8/18 1,613 5,393 477 506 0 0 131 0 0 8,120
8/19 1,613 0 203 635 2 0 245 0 0 2,698
8/20 1,613 3,675 0 425 0 0 0 0 0 5,713
8/21 1,613 2,693 0 0 0 0 0 0 0 4,306
8/22 1,613 1,286 0 0 0 0 0 0 0 2,899
8/23 1,613 10,742 0 0 0 0 0 0 0 12,355
8/24 1,613 5,469 0 1,934 0 0 0 0 0 9,016
8/25 1,613 9,250 208 220 0 0 42 0 0 11,333
8/26 1,613 7,125 0 674 0 0 0 0 0 9,412
8/27 1,613 7,666 63 394 0 0 0 0 0 9,736
8/28 1,613 800 0 239 0 0 11 0 0 2,663
8/29 1,613 131 0 0 0 0 0 0 0 1,744
8/30 1,610 19,840 0 0 0 0 0 0 0 21,450
8/31 0 7,960 0 0 0 0 0 0 0 7,960
9/ 1 0 9,763 0 0 0 0 0 0 0 9,763
9/ 2 0 5,858 0 10 0 0 42 0 0 5,910
9 3 0 7,859 0 541 0 0 9 181 0 8,590
9/ 4 0 10,059 0 174 0 0 0 284 0 10,517
9 5 0 5,397 0 330 0 0 0 0 0 5,727
9 6 0 4,055 0 0 0 0 0 132 0 4,187

-Continued-
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Appendix Table 7a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik
Lagoon date, 1982 (continued).

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily

Lagoon Kujulik District Igvak District District Total
9/ 7 0 3,868 0 0 0 0 0 125 0 3,993
9/ 8 0 3,966 0 0 0 0 0 0 0 3,966
9/ 9 0 2,995 0 25 0 0 0 0 0 3,020
9/10 0 2,855 0 108 0 0 0 0 0 2,963
9/11 0 2,221 0 76 0 0 0 0 0 2,297
9/12 0 987 0 0 0 0 0 0 0 987
9/13 o 1,060 0 G 0 0 0 0 0 1,060
9/14 0 1,306 0 0 0 0 0 0 0 1,306
9/15 0 535 0 U 0 0 0 0 0 535
9/16 0 1,037 0 G 0 0 0 0 Q 1,037
9/17 ] 623 0 0 0 0 0 0 0 623
9/18 0 1,354 0 ¢ 0 0 0 0 0 1,354
9/19 0 1,675 0 (] 0 0 0 0 0 1,675
9/20 0 1,042 0 0 0 0 0 0 0 1,042
9/21 0 657 0 a3 0 0 0 0 0 657
9/22 0 1,242 0 0 0 0 0 0 0 1,242
9/23 0 1,408 0 Q 0 0 0 0 0 1,408
9/24 0 1,099 0 0 0 0 0 0 0 1,099
9/25 Q 227 Q ) 0 0 0 0 0 227
9/26 0 579 0 0 0 0 0 0 0 579
9/27 0 0 0 0 0 0 0 0 0 0
9/28 0 0 0 0 0 0 1] 0 0 0
9/29 0 89 0 G 0 0 0 0 0 89
9/30 0 0 0 4] 0 0 0 0 0 0

2,514,582 2

—
s
-
S
(]

14

Total 837,718 1,400,770 41,988 34,032 421 168,281 30,258
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Appendix Table 7b. Age composition of sockeye salmon scale samples collected in Chignik Lagoon during 1982
by percent of sample. ’

Age
Sample Sample e e e e - e e
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4  Other
6/ 7 255 0.0 0.0 1.6 0.0 0.0 90.2 3.9 0.0 A 0.0 3.9
6/11 257 0.0 0.0 2.0 0.0 0.0 88.7 7.0 0.0 0.0 0.0 2.3
6/16 217 0.0 0.0 .9 .5 0.0 87.6 6.9 0.0 0.0 0.0 4.1
6/20 249 0.0 0.0 4.4 4 0.0 84.4 7.6 0.0 0.0 0.0 3.2
6/24 223 0.0 -5 4.0 0.0 0.0 86.1 7.6 0.0 0.0 0.0 1.8
6/28 240 A 4 3.7 1.7 0.0 84.6 8.8 0.0 0.0 0.0 A4
6/30 233 0.0 .8 3.9 1.3 0.0 82.0 11.2 0.0 0.0 b 4
7/ 3 194 0.0 0.0 3.1 2.6 0.0 77.3 16.5 0.0 .5 0.0 0.0
7/ 7 240 .8 0.0 2.5 2.9 0.0 67.1 25.5 0.0 8 0.0 A
7/10 243 0.0 4 2.5 5.8 0.0 52.7 37.0 0.0 .8 .8 0.0
7/14 255 0.0 0.0 2.4 10.6 0.0 28.2 58.4 .4 0.0 0.0 0.0
7/20 250 0.0 1.2 .8 6.0 0.0 20.4 70.0 .8 0.0 .8 0.0
7/25 236 0.0 .8 1.7 12.7 0.0 19.1 63.1 1.3 0.0 1.3 0.0
8/ 9 221 A 3.2 1.4 11.3 0.0 6.3 74.2 0.0 1.4 1.8 0.0
8/23 237 oA 0.0 o4 8.0 0.0 7.6 82.7 0.0 0.0 9 0.0
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Appendix Table 7c. Age composition of sockeye salmon scale samples collected at Black Lake outlet during

1982, by percent of sample.

Age
Sample Sample - - —————————— e e
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other
6/22 182 0.0 0.0 4.9 1.7 0.0 81.3 10.4 0.0 0.0 0.0 1.7
6/26 226 0.0 0.0 4.4 0.0 0.0 76.1 15.1 0.0 0.0 0.0 4.4
7/ 3 311 0.0 0.0 2.3 0.0 0.0 81.0 12.5 0.0 0.0 0.0 4,2
7/ 6 259 0.0 0.0 2,3 .8 0.0 84.2 9.2 0.0 0.0 0.0 3.5
Mean 0.0 0.0 3.48 0.62 0.0 80.65 11.80 0.0 0.0 0.0 3.45




Appendix Table 7d. Summary of the daily and cumulative return of sockeye salmon
for the Black Lake stock in 1982,

Date Escapement Catch Daily Cumulative Cunmulative
Return Return Proportion
Prior 6/ 9 3,787 0 3,787 3,787 .002
o/ 9 14,142 0 14,142 17,929 .010
6/10 9,556 0 9,556 27,485 015
6/11 21,182 0 21,182 48,667 .026
6/12 10,634 0 10,634 59,301 .032
6/13 39,650 0 39,650 98,951 .053
6/14% 66,515 0 66,515 165,466 089
6/15 38,689 0 38,689 204,155 .109
6/16 72,497 0 72,497 276,652 .148
6/17 148,087 0 148,087 424,739 227
6/18 37,109 293,238 330,347 755,086 404
6/19 5,291 99,417 104,708 859,794 .460
6/20 12,104 111,721 123,825 983,619 527
6/21 4,681 98,786 103,467 1,087,086 .582
6/22 3,099 53,708 56,807 1,143,893 .613
6/23 11,775 63,427 75,202 1,219,095 .653
6/24 9,197 95,384 104,581 1,323,676 709
6/25 3,032 80,066 83,098 1,406,774 753
6/26 1,996 82,179 84,175 1,490,949 .798
6/27 7,850 77,703 85,553 1,576,502 844
6/28 6,559 60,486 67,045 1,643,547 .880
6/29 5,069 43,397 48,466 1,692,013 .906
6/30 2,068 32,776 34,844 1,726,857 .925
771 3,419 1,600 5,019 1,731,876 .927
772 24,109 122 24,231 1,756,107 .940
7/ 3 15,480 608 16,088 1,772,195 .949
7/ 4 15,901 66 15,967 1,788,162 .958
/5 7,479 2,405 9,884 1,798,046 .963
7/ 6 6,896 0 6,896 1,804,942 .967
777 1,807 32,164 33,971 1,838,913 .985
7, % 1,097 8,052 9,149 1,848,062 .990
7/ 9 98Y 6,315 7,304 1,855,360 9594
7/10 137 5,720 5,857 1,861,223 .997
7/11 131 603 734 1,861,957 .997
7/12 240 106 346 1,862,303 .997
7/13 197 364 561 1,862,864 .998
7/14 165 382 547 1,863,411 .998
7/15 536 204 740 1,864,151 .998
7/16 258 50 308 1,864,459 .998
7/17 522 0 522 1,864,981 .999
7/18 607 0 607 1,865,588 .999
7/19 348 0 348 1,865,936 .999
After 7/19 1,230 156 1,386 1,867,322 1.000
Total 616,117 1,251,205 1,867,322
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Appendix Table 7e. Summary of the daily and cumulative return of sockeye salmon
for the Chignik Lake stock in 1982.

Date Escapement Catch Daily Cumulative Cumulative
Return Return Proportion
Prior 6/18 4,191 0 4,191 4,191 .006
6/18 781 6,177 6,958 11,149 .017
6/19 119 2,257 2,376 13,525 .021
6/20 295 2,726 3,021 16,546 026
6/21 113 2,390 2,503 19,049 .029
6/22 75 1,288 1,363 20,412 .032
6/23 279 1,508 1,787 22,199 .034
6/24 216 2,246 2,462 24,661 .038
6/25 84 2,232 2,316 26,977 042
6/26 65 2,648 2,713 29,690 046
6/27 288 2,842 3,130 32,820 .051
6/28 269 2,477 2,746 35,566 .055
6/29 491 4,199 4,690 40,256 .062
6/30 330 5,236 5,566 45,822 071
7/ 1 754 352 1,106 46,928 .073
7/ 2 7,001 35 7,036 53,964 .083
7/ 3 5,727 224 5,951 59,915 .093
7/ 4 7,802 32 7,834 67,749 .105
7/°5 4,736 1,524 6,260 74,009 114
7/ 6 5,552 0 5,552 79,561 .123
7/ 7 1,834 32,664 34,498 114,059 .176
7/ 8 1,539 11,299 12,838 126,897 .196
779 1,931 12,325 14,256 141,153 .218
7/10 385 15,937 16,322 157,475 2243
7/11 489 2,232 2,721 160,196 2247
7/12 1,221 534 1,755 161,951 .250
7/13 1,445 2,661 4,106 166,057 .257
7/14 1,874 4,331 6,205 172,262 .266
7/15 7,017 2,674 9,691 181,953 .281
7/16 3,963 778 4,741 186,694 .288
7/17 9,502 0 9,502 196,196 .303
7/18 13,363 0 13,363 209,559 324
7/19 9,514 0 9,514 219,073 .338
7/20 17,369 2,606 19,975 239,048 .369
7/21 13,334 2,447 15,781 254,829 .394
7/22 17,088 1,378 18,466 273,295 422
7/23 11,174 396 11,570 284,865 440
7/24 6,922 47 6,969 291,834 451
7/25 1,251 29,975 31,226 323,060 <499
7/26 737 10,768 11,505 334,565 517
7/27 1,034 9,682 10,716 345,281 .533
7/28 2,935 624 3,559 348,840 .539
7/29 3,517 151 3,668 352,508 545
7/30 2,995 682 3,677 356,185 .550
7/31 1,613 0 1,613 357,798 .553
8/ 1 1,613 282 1,895 359,693 .556
8/ 2 1,613 2,659 4,272 363,965 .562
8/ 3 1,613 9,379 10,992 374,957 579
8/ 4 1,613 7,199 8,812 383,769 .593
8/ 5 1,613 6,527 8,140 391,909 .605
8/ 6 1,613 5,525 7,138 399,047 617
8/ 7 1,613 1,255 2,868 401,915 .621
8/ 8 1,613 102 1,715 403,630 624
8/ 9 1,613 8,355 9,968 413,598 .639
8/10 1,613 4,208 5,821 419,419 .648
8/11 1,613 7,357 8,970 428,389 662
8/12 1,613 1,111 2,724 431,113 666
After 8/12 29,031 187,116 216,147 647,260 1.000
Total 221,601 425,659 647,260
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Appendix Table 8. Scale characters examined for the in-season linear dis-

criminant function analyses.

First lacustrine annular zone

Character Definition

1 distance from the scale focus to the first circulus in the
zone

2 distance form the scale focus to the fifth circulus in the

4 zone

3 the ratio of the distance between the first circulus before
the end of the zone and the end of the zone to the width of
the zone

4 distance between circuli 2 and 3

5 distance between circuli 3 and 4

6 the ratio of character 5 to the width of the zone

7 distance between circuli 1 and 5

8 first circulus of the widest pair in the zone

Second lacustrine annular zone

distance from the end of the first lacustrine annulus to
the first circulus in the zone

distance between every consecutive pair of circuli between
the second and fifth circuli in the zone

distance between every second circulus between the second
and fifth circuli in the zone

distance between circuli 2 and 5
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability.
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act
of 1964, Section 504 of the Rehabilitation Act of 1973, Title Il of the Americans with Disabilities Act of
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972.

If you believe you have been discriminated against in any program, activity, or facility, or if you desire
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S.
Department of the Interior, Washington DC 20240.

For information on alternative formats for this and other department publications, please contact the
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078.
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